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Abstract 
"Food' security is a situation that exists when all people, at all times, have 
physical, social and "economic access to sufficient, safe and nutritious food that meets 
their dietary needs and food preferences for an active and healthy life", (FAO, 2001). 
Earlier the concept of food security was confined only at the national and global food 
supplies but with the passage of to time the concept of food security was further 
elaborated to household and individual level with an emphasis on food access. 
Food security of individual members of the household is influenced by intra-
household allocation of food. Different methodologies are used to estimate poverty 
and undernourishment and the figures are not directly comparable. Out of the four 
standard methods of measurement of food security, (Individual Calorie Intake, 
Household Calorie Acquisition, Diet Diversity and Index of Coping Strategy), 
Individual Calorie Intake method has been selected as method of measurement of 
food insecurity, keeping in mind availability of secondary data. NSSO 61^' round 
survey, done in 2004-05) show that as many as 407.27 million people could not meet 
their minimum daily energy requirements. Out of this, 233.14 (57.2%) lived in rural 
areas and 174.13 million (42.8%) are located in urban areas. 
To measure risk of entitlement failure on the basis of Engle's Law a simple 
method based on individual per capita expenditure data has been developed and 
expenditure classes have been classified on their respective risk class. The findings 
are striking, while only 26 percent of the population are branded as food insecure, 
their entitlement of food have been fixed with high degree of risk, as in rural and 
urban areas as 88.3 and 47.5 percent of population are to some degree of risk of 
losing their food entitlement. 
The problem of food security can become more pathetic because of the 
deceleration of the Indian agriculture. Today's agriculture sector is facing many new 
challenges including the declining of yield of major food grains, technological 
problems, environmental problem and the low public investment in agriculture sector, 
land degradation and stagnation in net cultivated area. Despite the progress achieved, 
productivity of major food grains in India is far below yield of the other developing 
countries. Wheat and rice output has stagnated since 2000 and pulses for a decade. As 
a result, the per capita availability of cereals and pulses to 422 grams per day, against 
its highest of 510 grams in 1991. Among all the above reasons, for the deceleration in 
Indian agriculture, continuous decline in public spending in agriculture is one of the 
important reasons. This is clear from the fact, that the growth rate of agriculture 
public investment was only 0.96 percent from the period 1995-96 to 2003-04. The 
National Sample Survey Organization recently reported that two-fifth of India's 
farmers would rather take up other means to make a living. The decline in public 
investment is of particular concern because public investment in basic infrastructure 
and Research and Development (R&D) are necessary conditions for private 
investments. A quick boost of public spending in agriculture sector is very important 
so that the private sector should also go for more and more investment. 
The present technology of Indian agriculture is showing sign of fatigue and it 
is not going to improve the yield or future growth of the food grain in the coming 
years. So, the only option is to produce more and more output from the present level 
of arable land. Because as the population grow more and more food grain would be 
required to feed the ftiture level of population. Rising population and per capita 
income are obviously pushing up the food demand, which needs to be met through 
enhanced productivity per unit area, input, time and energy. At the same time, issues 
of decreasing factor productivity and improving resource use efficiency have 
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emerged. Different projections have been given by different economist for the 
demand for food grain by 2020. All these projections clearly shows that India must 
adopt a modem technology to increase the yield and production level to meet the 
future demand of food grains by 2020. India requires a growth rate of 4.5 percent per 
annum to increase the food production to a required level. It is also difficult to achieve 
this because of different other problems like, global warming, soil degradation, soil 
alkalinity and rising prices, etc. 
Apart from food grains required to feed teeming million, India also need large 
amount of feedgrain for its livestock population. Livestock revolution is taking place 
in India and the different drivers of this are population growth, increase in per capita 
income, urbanization and change in consumption pattern due to change in living 
pattern. Due to all these factors consumption of non-food grains food especially food 
of animal origin is increasing in both rural and urban areas. India's demand for meat 
products is forecasted to increase almost 10 folds from 3.8 million tons in 1993 to 
36.4 million tons in 2020 under the baseline scenario. To meet the current and fiiture 
demand of livestock products, India has to increase the yield and productivity of feed 
grains especially coarse cereals, as these are the raw material for animal feed. At 
present, the country faces a net deficit of 61.1 percent of green fodder, 21.9 percent in 
dry crop residues and 64 percent in feeds. By 2020 India would require an addition of 
292 million tons of feed grain to feed the livestock stock population. If India does not 
make the demand and supply balance, that India will become a net importer of both 
feed grain and food grain and this will further worsen the problem of food insecurity. 
Problem of food security is not a single headed problem but it will lead to 
different other problems and the one important is the problem of HIV/AIDS in India. 
In India the problem of HIV/AIDS is increasing day by day. About 5.1 million people 
are suffering from HIV/AIDS in 2005 with the prevalence rate of 0.9 percent. It is 
well documented proof that food insecurity is one of the important causes of the 
HIV/AIDS epidemic and HIV/AIDS in turns further worsens the problem of food 
insecurity. Due to poor performance of agriculture, peoples are migrating from rural 
to urban areas. Men not living with their spouse are more prone to get infected with 
this disease. In India, the primary cause of the spread of HIV/AIDS was found to be 
sexual contact (85.93 %), followed by Prenatal transmission, that is from mother to 
child (3.62 %), and hence, AIDS is affecting women and children in increasing 
numbers. HIV/AIDS have both the micro and macro economic impacts on the society 
and for the overall economic development of the nation. 
Thus, we can say that food insecurity is itself a very crucial problem and it 
will further lead to different other problems if not tackled properly. The problem of 
the food insecurity can be overcome with the better performance of the agriculture 
sector. But the past technology cannot help to boost the agriculture sector and to 
improve the performance of agriculture sector especially in increasing the yield and 
productivity level India must adopt a modem technology like the agriculture 
biotechnology. The government should adopt the modem biotechnology to increase 
the agricultural productivity from the limited natural resources. If we have to produce 
enough food to meet increasing and changing food needs, to make more efficient use 
of land already under cultivation, to better manage our natural resources, and to 
improve the capacity of hungry people to grow or purchase needed food, we must put 
all the tools of modem science to work. Modem agricultural biotechnology is one of 
the most promising developments in modem science. Although not a substitute for 
conventional agricultural research, biotechnology has a major role to play in India. 
Biotechnology has the ability to develop disease and pest resistant plants with higher 
yield. Even more importantly biotechnology can contribute to the development of 
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plants with resistance to abiotic stresses, which are the main cause of low productivity 
in unfavorable areas. The development of plants with higher yield potential and 
resistance to pest, disease, flood and drought will clearly increase farmer's income 
and reduce uncertainty and risk. If India adopts agriculture biotechnology then it can 
help a lot in mitigating the present problem of agriculture sector. Biotechnology offers 
several advantages over classical breeding, in terms of precision, technology gestation 
period, and gene transfer for specific traits even from the unrelated organisms. The 
conventional approach of breeding crops by itself may not be able to deliver the goods 
in the required time frame given the magnitude and urgency to feed the growing 
millions. In the context of a holistic agricultural development and ensuring household 
food security, role of biotechnology is going to be essentially much more important 
and vital than ever before. 
The global success of biotech crop is well known. In a period of 12 years 
(1996 to 2007), area under biotech crops has increased more than 63 times globally, 
from 1.7 million hectares in 1996 to 114.3 million hectares in 23 countries in 2007. 
Main biotech crop growing by different countries are Soyabean, Cotton, Maize and 
Canola. Other bioengineered crops include Potato, Squash and Papaya and many 
more at the research scale, and the key traits bioengineered are herbicide tolerance, 
insect resistance, etc. From 23 countries, 12 developing and 11 developed countries 
are growing biotech crop and different other countries are in the process of adopting 
biotech crop. Farmers have shown a great confidence in biotech crop and almost 90 
percent of the benefiting farmers are from the developing countries. The first dozen 
years of biotech crops have delivered substantial economic and environmental 
benefits to farmers in both industrial countries and developing countries, where 
millions of poor farmers have also benefited from social and humanitarian benefits 
which have contributed to the alleviation of their poverty. The second decade of 
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commercialization of biotech crop i.e. 2006-2015 looks more encouraging with more 
countries are ready to adopt biotech crop and different other traits are under the 
experimental process. Although India made its long awaited entry into commercial 
agricultural biotechnology in March 2002 with the cultivation of only biotech crop i.e. 
Bt. Cotton with an area of only 50,000 acres. Five years later in 2007 the Bt. cotton 
area has soared to 6.2 million hectares grown by 3.8 million small and resource-poor 
farmers. The production of Bt. Cotton is good not only for the economic benefit but 
also for the environmental benefit. Biotechnology has tremendous potential for 
application to a wide variety of environmental issues including conservation and 
characterization of rare or endangered species, a forestation and reforestation. It can 
help in rapid monitoring of environmental pollution, eco-restoration of degraded sites. 
However, Indian policies towards most of the issues related to biotechnology 
are far from being promotional. While it is promotional towards public research, it 
can be classified as preventive in case of Intellectual Property Rights and trade, 
precautionary towards bio-safety and permissive in case of permissive in case of food 
safety and consumer choice. The existing regulatory mechanism and lack of 
incentives on the application of biotechnology in agriculture and environment 
pollution control hamper the growth of biotechnology. India can reap benefits of 
agricultural biotechnology if proper policy actions on a number of fronts implemented 
to guide research for the benefit of the poor, administering intellectual property rights, 
and policies to address bio-safety, funding and result delivery issues. 
In the absence of the Green Revolution, the agricultural technology of the 
1940s could not have met the food demand for today's population. Similarly, it is 
difficult to assume that the food requirement of the people of 2020 will be sustained 
by the technology of today. India must keep its sights set on the goal of assuring food 
security for all. Condemning biotechnology for its potential risks without considering 
the alternative risks of prolonging the human misery caused by hunger, malnutrition, 
and child death is unwise and unethical. In a world where the consequence of inaction 
is death of thousands of children, we cannot afford to be philosophical and elitist 
about any part of a possible solution, including agricultural biotechnology. Modem 
science by itself will not assure food for all, but without it the goal of food security for 
all cannot be achieved. Biotech is not a panacea, but it does promise to transform 
agriculture in many developing countries. If that promise is not fulfilled, the real 
losers will be their people, who could suffer for years to come. 
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Chapter 1 
1.1 Introduction 
Achieving food security has been the overriding goal of agricultural policy in 
India. The introduction and rapid spread of high-yielding rice and wheat varieties in 
the late 1960s and early 1970s resulted in steady output growth for food grains. Public 
investment in irrigation and other rural infrastructure and research and extension, 
together with improved crop production practices, has significantly helped to expand 
production and stocks of food grains. 
But, Indian agriculture in the new millennium faces a far more complex set of 
problems though they are of a different genre. The transformation of the grain 
economy from one of acute scarcity into the so-called "surplus" situation should not 
obscure the fact that a sizeable section of the population continues to remain underfed 
and undernourished as India remains the abode of the largest number of underfed and 
undernourished population in the world. How does one explain the apparent paradox 
of the co-existence of large "surpluses" of food grains with a sizeable underfed and 
undernourished population? This buffer stock is not because of excess supply but due 
to low demand as populace lack purchasing power. The per capita availability of food 
grains is inadequate and decreasing over the period of time. 
Concern is increasing that the rapid growth from the Green Revolution is 
waning. It is true that Indian agriculture has been under considerable stress over past 
several years on account of a complex set of reasons including lack of adequate public 
investments, smallness of holdings, low productivity, infrastructure inadequacies and 
lack of adequate institutional credit cover including risk mitigation measures. 
Resultantly, there are four deficits including (i) the public investment and credit 
deficit; (ii) the infrastructure deficit; (iii) the market economy deficit; and (iv)the 
knowledge deficit. Taken together they are responsible for the development deficit in 
the agrarian and rural economy well pointed by Indian Prime Minister Man Mohan 
Singh at Agriculture Summit 2006. 
In the years to come, higher economic growth as well as sizable population 
growth will increase the demand for food. The structure of demand is also changing, 
as diets are diversifying from the basic cereal staples to fruits, vegetables, and other 
higher-valued foods. These evolving scenarios will change the supply and demand 
prospects for food in the next century. If we have to ensure a sustained growth of the 
economy agricultural growth will have to be stepped up. Which is why the Eleventh 
Plan assumes a growth rate of 4 percent for agricultural sector. 
But there are doubts about the country's ability to produce enough to fulfill the 
present gap of providing food to 212 million people and meeting the additional 
demand by 2020 due to growth in income, population, urbanization, crop 
diversification and more livestock demand. Food grain production in recent years has 
not kept pace with the growth in population and demand. To achieve a growth rate of 
4 percent, though not impossible, but will be very difficult because of different 
problems including global warming, land degradation, diversion of land under food 
grains to non-agricultural activities and diversification towards more paying high 
value crops. What is alarming, however, is that there seems to have been a neglect of 
agriculture in the past decade. The Green Revolution of the 1960s and 1970s boosted 
crop yields and helped lift millions of people out of hunger and poverty. But, today 
many small-scale farmers remain trapped in subsistence agriculture. Most of the 
hungry people live in marginal lands and depend upon agriculture for their 
livelihoods. The future scenario with respect to population and food demand as 
projected by the expert groups further confirms that the Green Revolution Technology 
(GRT) can no longer stretch beyond the present production levels. Further, since land 
and water are shrinking resources for agriculture there is no option except to produce 
more food through higher yields per unit of land, water, energy and time. 
Conventional research has failed to enable researchers to develop varieties and 
hybrids with durable resistance to pests and disease. Is biotechnology an answer? A 
revolution in agricultural biotechnology and associated information technology is 
improving the health, well-being, and lifestyle of the privileged and creating more 
wealth in a few rich countries. Biotechnology can make life better for the poor by 
producing higher than usual yields with fewer inputs, higher yields in a wider range of 
environments, better rotations to conserve natural resources, and more nutritious 
harvested products that keep much longer in storage and transport. Can this revolution 
also be harnessed to serve the food and nutrition needs of the Indians? What are the 
opportunities, problems, and risks involved with the new technologies and can they be 
managed? The benefits and risks of biotechnology weigh differently for food in areas 
of food surplus than they do for life-threatening diseases in those same areas. In this 
backdrop, we would delve upon how biotechnology help in proving food security in 
India by increasing yield, drought and pest resistance crops, tackling biotic and abiotic 
stresses low input cost and more economic gain to meet the future demand without 
harming the environment. 
1.2 Scope and Objective of Study 
Food Security stands as a fundamental need, of all human being and the 
organization of social life. Food security has multiple dimensions that range from 
ensuring food supply at global, country and local levels to ensuring sufficient 
effective demand for adequate food consumption. The ultimate goal of an effective 
food security is to provide for individuals adequate dietary intake through availability 
and accessibility of food, which are necessary conditions for nutritional well being. 
The production of around 200 million tons seems to have addressed the former. 
Economic access, in terms of enhancing purchasing power of the poor, however, is 
still a far cry. To improve the food security situation, the specific nature of 
population's food security problem must be well understood. Food insecurity is not a 
single headed problem but a problem which will lead to different other disasters in the 
form of various disease like HIV/AIDS and Child Malnutrition which can become a 
major setback for the development of any society, country and for the whole world. 
Since over the period of time the demand for food grain increased with the increase in 
population, urbanization, income level, consumption pattern and various other reason 
and it will be difficult to make the balance between demand and supply in the near 
future if proper action will not taken immediately. In this work an attempt has been 
made to guage the problem of food security in India which is going to be more severe 
in the coming years and what policies and measures the government should take to 
make the population food secure by 2020. 
As title of work illustrates, the main objective is to examine different aspects of 
problem of food security in India and to find out the way through which food security 
can be achieved for all Indian by 2020. As food security problem in a country with the 
size and magnitude of India the objective of any study on food security cannot be 
single one. Thus, the main objective is divided into different sub-objectives, 
including: 
1. To develop a theoretical base definition of food security. 
2. To measure the size and magnitude of food insecurity problem. 
3. To assess the risk of failure of entitlement for different segments of 
population. 
4. To give a brief account of the problem facing Indian agriculture and to assess 
the future demand and supply situation of foodgrain in India by 2020. 
5. To access how livestock revolution increasing cereal demand in India. 
6. To assess the impacts of food insecurity on HIV/AIDS and Child Malnutrition. 
7. To study the effects of noble science of biotechnology on food security in 
India and required policy actions to make it more effective in Indian context. 
1.3 Hypothesis Tested 
1. India has achieved food self-sufficiency. 
2. Physical access to food reached to optimal level in India. 
3. All sections of population of India are well fed. 
4. The access to and availability of food are risk free for all. 
5. Indian agriculture sector is working inefficiently and India will face food 
deficit by 2020. 
6. Livestock revolution is taking place in India and India will face the problem of 
feed gap in future. 
7. Food insecurity will have negative impact on the problem of HIV/AIDS in 
India. 
8. Agricultural Biotechnology has the potential to address the problem of food 
security in India. 
1.4 Methodology Adopted 
For the purpose of measuring food security situation in any given society 
International Food Policy Research Institute have developed four standard methods: 
a). Individual Calorie Intake Data: This is a measure of calorie, or nutrients, 
consumed by an individual in a given time period usually 24 hours. 
b). Household Calorie Acquisition: This is the number of calories, or nutrients, 
available for consumption by household members over the defined period of time. 
c). Diet Diversity: This is the sum of the number of different foods consumed by 
individual over a specific period of time. 
d). Indices of Household Coping Strategies: This is an index based on how 
households adopted to the presence or threat of food shortage. 
IFPRI (International Food Policy Research Institute) further compared these 
four methods in terms of costs, time, skill requirement, and susceptibility to 
misreporting, (Box 1). 
Box 1: Comparison of Methods in Term of Costs, Time, Skill Requirement, and 
Susceptibility to Misreporting. 
Method 
Data collection 
Costs 
Time required 
for analysis 
Skill level 
required 
Susceptibility 
to misreporting 
Individual 
Calorie 
Intake 
High 
High 
High 
Low 
Household 
Calorie 
Acquisition 
Moderate 
Moderate 
Moderately 
High 
Moderate 
Diet Diversity 
Low 
Low 
Moderately 
Low 
Low 
Index of 
Coping 
Strategies 
Low 
Low 
Low 
High 
Source: Hoddinot, 2001. 
Keeping in mind the availability of a good set of individual calorie intake data 
with National Sample Survey Organization (Government of India), the Individual 
Calorie Intake Data has been selected as basic methodology for measurement of food 
security in India. 
1.5 Sources of Data 
In this work secondary data from different sources (government and non-
governmental sources have been utilized. These sources include: 
1) Household and Individual Calorie Intake Data, National Sample Survey 
Organization. 
2) Household and Individual Consumption Expenditure, National Sample Survey 
Organization. 
3) Economic Survey, different Years. 
4) Agriculture Statistics at a Glance, Department of Agriculture and Co-
operation Government of India. 
5) Reserve Bank of India (RBI), Statistics on Indian Agriculture. Ministry of 
Agriculture, Government of India. 
6) Data Available on different publication of International Food Policy Research 
Institute (IFPRI). 
7) Data on Development and Application of Agricultural Biotechnology from the 
International Service for the Acquisition of Agri-biotech Application, 
(ISAAA). 
8) National AIDS Control Organization, Ministry of Health and Family Welfare. 
Government of India. 
9) Joint United Nations Programme on HIV/AIDS (UNDAIDS). 
10) United Nations Children's Fund (UNICEF). 
Chapter - 2 
Basic Concepts of Food 
Security 
Chapter 2 
2.1 Evolution of the Concept 
During the past twenty seven years or so, food security concept has been 
considered at global, national regional, state, household and individual level. In the 
early years food security implied arrangement for providing minimum level of food 
grains for the population in the developing countries during years of normal as well as 
poor harvests, (Reutiinger, 1977). Subsequent to the first period it was recognized 
that physical availability alone would not ensure economic access to food for all 
population, especially the poor and vulnerable sections. Consequently, it was 
emphasized that satisfactory production levels and stability of supplies should be 
matched by a reduction in poverty and an increase in the effective demand to ensure 
economic and physical access for the poor. 
A brief account of evolution of concept of food security since 1970s: 
1. A Focus on National Food Security and Emphasis on Food Supply (1970s). 
In the 1970s food security was mostly concerned with national and global food 
supplies. The food crisis in Africa in early 1970s stimulated a major concern on 
the part of international donor communities regarding supplies shortfalls created 
by production failures due to drought and desert encroachment, (Davis et. al, 
1991). This primary focus on food supplies as the major cause of food insecurity 
was given credence at the 1974 World Food Summit Conference. 
2. A Focus on Household Food Security with an Emphasis on Food Access 
(1980s). The limitation of the food supply came to light during the food crisis 
that again plagued African countries in the mid 1980s. It become clear that 
adequate availability at the national level did not automatically translate into 
food security at the individual and household levels. Researchers and 
development practitioners realized that food security occur in situations where 
food is available but not accessible because of an erosion of people's entitlement 
of food, (Borton and Shoham, 1991). Sen's (1981) theory on food entitlement 
has a considerable influence in this change in thinking representing a paradigm 
shift with regard to concept of food security. Food entitlements of households 
depend on their own production, income from gathering of wild food, 
community support (claims), assets, migration etc. Thus a number of socio-
economic variables have an influence on a household's access to food. Social 
anthropologists observed that vulnerable populations exhibited a sequence of 
responses to economic stress, giving recognition to the importance of behavioral 
responses and coping mechanism in food crisis, (Frankenberger, 1991). By the 
late 1980s donor orgnisations, local governments and NGOs began to 
incorporate socio-economic information in their diagnosis of food insecurity. 
The household food security approaches that evolved in the late 1980s 
emphasized both the availability and stable access to food. Thus, food 
availability at the national and regional level and stable and sustainable access at 
the local level, both were considered essential to household food security. 
Interests was centered on understanding food systems, production systems and 
other factors that influence the composition of food supply and households 
access to that supply overtime. 
3. A Focus on Nutritional Security with Emphasis on Food, Health and 
Mother and Child Care (Early 1990s). 
Works on the causes of malnutrition demonstrated that food is only one factor in 
the malnutrition equation and that in addition to dietary intake and diversity, 
health and disease and maternal care are also important determinants, (UNICEF, 
1990). Household food security is a necessary but not sufficient condition for 
nutritional security, researchers found that there were two main processes that 
have a bearing on nutritional security. The first determines access to resources 
for food for different households. This is the path from production or income to 
food. The second process involves the extent to which the food obtained is 
subsequently translated into satisfactory nutritional level, (World Bank, 1989). 
A host of health environmental and cultural behavioral factors determine 
nutritional benefits of the food consumed; this is the path from food to nutrition, 
(IFAD, 1993). 
4. Focus On Household Livelihood Security (late 1990s). 
Research work carried out in the late 1980s and early 1990s indicated that the 
focus on food and nutritional security as they were currently conceived needed 
to be broadened. It was found that food security is but one subset of objectives 
of poor households, food is only one of a whole range of factors which 
determine why the poor take decisions and spread risk, and how they finally 
balance competing interests in order to subsist in the short and longer term, 
(Maxwell and Smith, 1992). It is misleading to treat food security as a 
fundamental need, independent of wider livelihood considerations. 
Thus the evolution of the concept and issues related to household food and 
nutritional security leads to development of the concept of household livelihood 
security. The household livelihood security model allows for a broader and more 
comprehensive understanding of the relationships between the political economy of 
poverty, malnutrition and dynamics and complex strategies that the poor use to 
negotiate survival. The model places particular emphasis on household to be only one 
of the priorities that people pursue. People are constantly being required to balance 
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food procurement against satisfaction of basic material and non material need, 
(Maxwell and Frankenberger, 1992). 
2.2 Defining Food Security 
Food security is a flexible concept as reflected in the many attempts at 
definition in research and policy usage. Even a decade ago, there were about 200 
definitions in published writings, (Maxwell & Smith, 1992).Whenever the concept is 
introduced in the title of a study or its objectives, it is necessary to look closely to 
establish the explicit or implied defmifion, (Maxwell, 1996). 
Food security as a concept originated only in the mid-1970s, in the discussions 
of international food problems at a time of global food crisis. The initial focus of 
attention was primarily on food supply problems of assuring the availability and to 
some degree the price stability of basic foodstuffs at the international and national 
level. That supply-side, international and institutional set of concerns reflected the 
changing organization of the global food economy that had precipitated the crisis. A 
process of international negotiation followed, leading to the World Food Conference 
of 1974, and a new set of institutional arrangements covering information, resources 
for promofing food security and forums for dialogue on policy issues, (ODI, 1997). 
The issues of famine, hunger and food crisis were also being extensively examined, 
following the events of the mid 1970s. The outcome was a redefinition of food 
security, which recognized that the behavior of potentially vulnerable and affected 
people was a critical aspect. 
One more crucially important, factor in modifying views of food security was 
the evidence that the technical successes of the Green Revolution did not 
automatically and rapidly lead to dramatic reductions in poverty and levels of 
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malnutrition. These problems were recognized as the result of lack of effective 
demand. 
The continuing evolution of food security as an operational concept in public 
policy has reflected the wider recognition of the complexities of the technical and 
policy issues involved. The most recent and careful redefinition of food security is 
that negotiated in the process of international consultation leading to the World Food 
Summit (WPS) in November 1996. The contrasting definitions of food security 
adopted in WFS 1974 and WFS 1996, along with those in official FAO and World 
Bank documents of the mid 1980s are set out below with each substantive change. A 
comparison of these definitions highlights the considerable reconstruction of official 
thinking on food security that has occurred over 25 years. These statements also 
provide signposts to the policy analyses, which have re-shaped our understanding of 
food security as a problem of international and national responsibility. 
Official Concepts of Food Security 
The initial focus, reflecting the global concerns of food security, was on the 
volume and stability of food supplies. The concept was defined in the 1974 World 
Food Summit as: 
"Availability at all times of adequate world food supplies of basic foodstuffs 
to sustain a steady expansion of food consumption and to offset fluctuations in 
production and prices", (United Nations, 1975). 
In 1983, FAO expanded hs concept to include securing access by vulnerable 
people to available supplies, implying that attention should be balanced between the 
demand and supply side of the food security equation. It is defined as, 
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"Ensuring that all people at all times have both physical and economic access 
to the basic food that they need" (FAO, 1983). 
FAO (1983) has enlarged concept of food security so as to include the following 
components: 
a) The ultimate objective of world food security should be to ensure that all 
people at all times have both physical and economic access to food they need. 
b) Food Security should have three basic aims, ensuring production of adequate 
food supplies, maximizing stability in the flow of supplies, and ensuring 
access to available supplies on the part of those who need them. 
c) Action will be needed on a wide front including all factors that have a bearing 
on the capacity of both countries and people to produce or purchase foods, 
while cereals will continue to be the main focus of attention, action should 
cover all basic food stuff necessary for health, agriculture and rural 
development, food production, food reserves, the functioning of national and 
international cereal market. The foreign exchange needs of importing 
countries, trade liberalization and export earnings, the purchasing power of 
poorest strata of the population, financial resources and technical assistance, 
the flow of food aid and arrangements to meet emergency needs. 
This broader concept of food security is similar to that adopted by the World 
Bank three years later in its position paper Poverty and Hunger: Issues and Options 
for Food Security in developing countries. It introduced the widely accepted 
distinction between chronic food insecurity, associated with problems of continuing 
or structural poverty and low incomes, and transitory food insecurity, which involved 
periods of intensified pressure caused by natural disasters, economic collapse or 
conflict. This concept of food security is further elaborated in terms of: 
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"Access of all people at all times to enough food for an active, healthy life". 
The most widely used definition of food security is that of the World Bank: 
'Access by all people at all times to enough food for an active, healthy life'. The term 
"access" here is inclusive of both the supply side (availability) and the demand side 
(entitlement). 
By the mid-1990s food security was recognized as a significant concern, 
spanning a spectrum from the individual to the global level. However, access now 
involved sufficient food, indicating continuing concern with protein-energy 
malnutrition. But the definition was broadened to incorporate food safety and also 
nutritional balance, reflecting concerns about food composition and minor nutrient 
requirements for an active and healthy life. Food preferences, socially or culturally 
determined, now became a consideration. The potentially high degree of context 
specificity implies that the concept had both lost its simplicity and was not itself a 
goal, but an intermediating set of actions that contribute to an active and healthy life. 
The 1994 UNDP Human Development Report promoted the construct of 
human security, including a number of component aspects, of which food security 
was only one, (UNDP, 1994). This concept is closely related to the human rights 
perspective on development that has, in turn, influenced discussions about food 
security. The wider investigation into the role of public action into combating hunger 
and deprivation, found no separate place for food security as an organizing framework 
for action. Instead, it focused on a wider construct of social security which has many 
distinct components including, of course, health and nutrition, (Dreze & Sen, 1989). 
The 1996 World Food Summit adopted a still more elaborate definition: 
"Food security, at the individual, household, national, regional and global 
levels is achieved when all people, at all times, have physical and economic access to 
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sufficient, safe and nutritious food to meet their dietary needs and food preferences 
for an active and healthy life", (FAO, 1996a). 
This definition is again refined in The State of Food Insecurity Report 2001: 
"Food security is a situation that exists when all people, at all times, have 
physical, social and economic access to sufficient, safe and nutritious food that meets 
their dietary needs and food preferences for an active and healthy life" ( FAO, 2001). 
This new emphasis on consumption, the demand side and the issues of access 
by vulnerable people to food, is most closely identified with the seminal study by 
Amartya Sen. He focuses on the entitlements of individuals and households, (Sen, 
1981). 
The international community has accepted these increasingly broad statements 
of common goals and implied responsibilities. But its practical response has been to 
focus on narrower, simpler objectives around which to organize international and 
national public action. The declared primary objective in international development 
policy discourse is increasingly the reduction and elimination of poverty. The 1996 
WFS exemplified this direction of policy by making the primary objective of 
international action on food security, halving of the number of hungry or 
undernourished people by 2015. 
Essentially, food security can be described as a phenomenon relating to 
individuals. It is the nutritional status of the individual household member that is the 
ultimate focus, and the risk of that adequate status not being achieved or becoming 
undermined. The later risk describes the vulnerability of individuals in this context. 
As the definitions reviewed above imply, vulnerability may occur both as a chronic 
and transitory phenomenon. Useful working definitions are described below. 
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Food security exists when all people, at all times, have physical, social and 
economic access to sufficient, safe and nutritious food which meets their dietary 
needs and food preferences for an active and healthy life. Household food security is 
the application of this concept to the family level, with individuals within households 
as the focus of concern. Ensuring Food Security entails meeting two conditions. One 
condition is ensuring that there are adequate food supplies available, through domestic 
production or imports. The other is ensuring that households whose members suffer 
from under nutrition have the ability to acquire food, either because they produce it 
themselves or because they have the income to acquire it, (Reutilinger and Van Hoist 
Pellekaan, 1986). 
Food security is defined in its most basic form as access by all people at all 
times to the food needed for a healthy life. Food security differs from hunger in that 
food security is a problem that a community in a country state, city or neighborhood 
experiences, (International Conference on Nutrition, 1992). 
A wider definition of food security incorporates what is often referred in the 
quality of life indicators. Accordingly, food security implies livelihood security at the 
level of each household and all members within, and involves ensuring both physical 
and economic access to balanced diet, safe drinking water, environmental sanitation, 
primary education and basic health care. It is visualized that: 
Food security involves economic growth, especially access to resources. 
Food security touches on education especially education of women. 
Food security involves population programs; improved nutrition means lowered birth 
rates and increased child survival. 
Food security involves the natural environment. 
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Participation and accountability are the natural antidotes to starvation and 
malnutrition, (George, 1999). 
2.2.1 Indicators of Food Security 
The multiple dimensions and interlinked variables associated with food security 
make it difficult to evolve a single indicator to represent food security. Braun et.al 
(1992) has suggested the following indicators to capture the various dimensions at the 
country, household and individual levels: 
1. Food Security at the country level can be monitored, to some extent, in terms of 
demand and supply indicators. 
2. Food Security at the household level is best measured by direct surveys of 
dietary intake. It is important to note that current situation does not take care of 
the risk aspects, and also the changes in socio-economic and demographic 
variables such as wage rates, employment and price ratios. 
3. Anthropometric information can be useful to represent individual level 
measures. 
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Figure 1: Food Security Indicators 
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2.2.2 Dimensions of Food Security 
The job of reducing hunger involves (a) adequate global food supplies to meet 
the demand of growing world population; (b) reducing poverty to allow people to buy 
or produce the food they require and (c) health and nutrition programs, including 
nutrition education. 
Ensuring the food security for all is a challenge with many dimensions. These 
are outlined in Box 1. In the short run, reducing hunger must focus at the household 
level with enabling actions by nations. Globally, only adequate supplies and food aid 
can help. In the medium term, the emphasis must be more at national and international 
levels, focusing on reducing poverty and generating sustained economic development 
for all. Central to that vision are concerted national and international efforts to 
generate appropriate agriculture technology to improve the productivity and 
profitability of millions of farmers in developing countries. In the long-term, global 
food supplies must increase in sustainable production systems, a fare trading system is 
vital. 
Box 1: The Dimensions of Food Security; Critical Variables. 
Household 
National 
Global 
Source: Wor 
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development system 
Agricultural Research 
International Research 
Fair trading System 
Sustainable Global 
Supplies 
Long Term 25-30 
years 
Poverty Eliminated 
social infrastructure 
Rural and Economic 
development 
Sustainable 
development system 
Agricultural Research 
International Research 
Fair trading system 
Sustainable global 
supplies 
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How to Achieve Food Security 
Achieving food security has three dimensions. First it is necessary to ensure a 
safe and nutritionally adequate food supply both at the national level and the 
household level. Second il is necessary to have a reasonable degree of stability in the 
supply of food both from one year to the other and during the year. Third and the most 
critical, is the need to ensure that each household has physical social and economic 
access to enough food to meet its needs. 
This means that each household must have the knowledge and the ability to 
produce or procure the food that it needs on a sustainable basis. 
Food security has at least three dimensions: 
1. Availability: Having enough food available for the entire population at all time to 
sustain human life. To accomplish this we must have a production system that, (a) 
produces enough in the short run. (b) is sustainable in the long run. (c) does not places 
undue risks on agricultural producers and (d) responses rapidly to disruptions in the 
food supply due to natural disasters, civil disturbances environmental imbalances or 
other causes. 
2. Accessibility: The food supply must not be limited by what economists call 
effective demand. Low income population and inner city residents must have equal 
access to food supply, simply making food available is not enough, one must also be 
able to purchase it. 
3. Adequacy: An adequate food supply will provide for the differing nutritional needs 
of the various segments of the population. Adequacy can be conceptualized in terms 
of balanced diets, offering the necessary variety of foods throughout the year. At the 
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same time, an adequate food supply will provide food that is free from disease and 
toxic substances, (Busch and Lacy, 1984). 
To share three variables, Wittwer, S. H. (1984) added a fourth one that is of 
dependability which is also of great emphasis. (See also Wittwer, S. H. 1980.1982, 
and 1983). 
The Food Security definition requires an examination as to whether people 
have access to nutritionally adequate food through normal channels. So, to measure 
Food Security for an individual or household, we need to know essentially three 
things. First, what is the cost of a nutritionally adequate diet in the area where the 
individual or household lives. Second the individual or household have the financial 
and other resources to obtain this food from normal food sources? (Examples of other 
resources would include transportation and physical and mental capacity to obtain 
food. Third, what is an individual or household's actual experience in obtaining 
adequate food? In other words, what are the difficulties encountered, the dependency 
on emergency food resources, and changes in diet and meal patterns forced by 
problems in getting food, health and social consequences of problems in obtaining 
adequate food, and so on? (Neuhauser, 1989). 
Three dimensions of food security need to be measured at the community level: 
1. The quantity and quality of available food. 
2. Its accessibility i.e. physical, in terms of grocery store location and 
transportation systems, and 
3. Affordability or price relative to the ability to marshal resources. 
At the individual and household levels, four dimensions (quantity, quality, 
psychological acceptability and social acceptability) need to be measured to identify 
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food insecurity. At the individual level these measures are adequacy of energy intake, 
adequacy of nutrient intake, feeling of deprivation or restricted choice, and normal 
meal patterns, respectively. At the household level, they are repleteness of household 
stores, quality and safety of available foods, anxiety about food supplies, and sources 
of food (conventional or otherwise) respectively, (Life Science Research Office, 
1990). 
Berck and Bigman (1993), defined food security as a availability of enough 
food in order to sustain life and good health of all the world population at all times, 
across all countries and regions, across all income group and across all members of 
individual households. They (Berck and Bigman, 1993) summarized their definition 
into following in order to capture all these dimensions. Food security requires the 
supply of an adequate amount of food so as to meet the nutritional needs of all the 
people at all times. 
In this definition "nutritional needs" are to be determined by dietary 
requirements necessary to sustain a healthy and productive life and not by the 
effective demand and the purchasing power. "All of the people" require catering to 
the special needs of weaker segments of the society and, in particular, of women and 
children. "At all times" emphasizes the need to prevent temporary food deficiencies 
as well as the long term obligation to increase food production in order to keep pace 
with the population growth. 
Frankenberger (1993) presented nutritional status of household and factors 
that are affecting it as follows, (Figure, 2) 
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Figure 2: Nutritional Security 
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According to Frankenberger (1993), nutritional status of a household is 
affected by household resources base, capacity to obtain adequate resource base, 
capacity to obtain adequate resources for livelihood needs, control and management 
of resources within the household and nutritional security which itself is affected by 
adequate dietary intake, adequate care, and adequate health and sanitation. 
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A draft document of the sub- committee on Nutrition, (United Nations, 1987) 
defines household food security as follows: 
"A household is food secure when it has access to the food needed for a 
healthy life for its entire member (adequate in terms of quality, safety and culturally 
acceptable) and when it is not at undue risk of losing such access." 
Household food security has three main components; availability, access and 
usage. Available, stable supplies of food are a prerequisite for household food 
security. However, households must also have physical and economic access to food. 
In addition, they must have the knowledge to use such food appropriately and have a 
health/sanitation environment that allows for adequate absorption of food by the body. 
Food availability is a necessary but insufficient condition for adequate 
household food consumption as increased reliance on off-farm activities such as petty 
trade, casual employment and agricultural surplus sales has made households more 
dependent on purchasing food than producing it. 
The inclusion of access to food at the household level marked a clear 
departure from the previous emphasis on production. The concept of food security 
had evolved to include the notion that market transactions are a necessary part of 
securing daily subsistence for most of the world's poor. The focus on the lack of 
access to food rather than its inadequate and uncertain supply has helped to explain 
why famines occurred in environments of apparent food abundance. 
The utilization concept adds a qualitative notion to food security in the form of 
nutritional security. It is no longer enough for a family to have sufficient food to be 
food-secure, the food must be of adequate nutritional quality, and the household must 
be able to use it appropriately and have a satisfactory health and sanitation 
environment for the body to absorb it. 
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While the household is the logical level at which to analyze the problem of 
food access, intra-household inequities and dynamics particularly with regard to 
gender play a large role in determining individuals' food security. In other words, 
because a household is food-secure, this does not mean that all individuals within it 
are food secure, the most vulnerable in particular may not always get enough to eat. 
The "three pillars" of household food security - availability, access and usage 
can each be "shocked" by a variety of risk factors including natural disasters, conflicts 
and policy changes. 
Looking at livelihoods highlights two important elements influencing a 
household's food security: 
1. The risk of livelihood failure determines the vulnerability of a household to 
income, food, health and nutritional insecurity and 
2. The greater the share of resources devoted to the acquisition of food and health 
services, the higher the vulnerability of the household to food insecurity. 
Livelihoods are thus secure when households have secure ownership of, or 
access to, resources and income-earning activities, including reserves and assets, to 
offset risks, ease shocks and meet contingencies. 
Alamgir and Arora 1991, linked Food Security with food intake at the individual 
level and food availability at other level, e.g., household, sub-national and national. 
They further defined a food secure household as one, which has enough food 
available to ensure a minimum necessary intake by all members. 
For a household, availability depends on many variables. These include net food 
production, land, labor, knowledge and technology and social production relations, 
food prices, food supply in the market, cash flow from rent income, wages, profits 
from enterprises or sale of assets, debts and other liabilities; net stock, and net receipts 
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Chapter - 1 
Introduction 
in kind from government, wages in kind, gifts, credit and transfer from government 
and other internal and external donors. Clearly, an adverse movement in any one or 
more of these variables will adversely affect the food security of a household, 
(Alamgir and Arora, 1991). If such adverse movements are temporary and household 
capping strategies fail, there exists a case of transitory food insecurity, (WFP, 1990). 
On the other hand, if movements stem from structural problems and continue over a 
long period, then the situation can be characterized as one of chronic food insecurity, 
(Reutlinger and Von Hoast Pellckaan, 1986). 
The key factors affecting household food security and individual nutritional 
status are shown below: 
Figure 3: Factors Affecting Household Food Security 
Food Availability 
(time or place) 
Health status 
of individual 
Ability of household to obtain available 
food (Household Food Acquisition 
Desire to obtain available food 
(Household Food Acquisition Behavior) 
i 
Intrahousehold Allocation of food 
i 
Physiological utilization of ingested 
food I 
Nutritional status of individual 
Source: Anderson, 1981. 
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Thus as shown in figure 3, the household food status is affected by the 
availability of food, the ability and desire of the household to acquire it, its intra 
household distribution, and the physiological utilization of the ingested nutrients, 
which both affects and is affected by the person's state of health. The person 
nutritional status also has a feed back effect on their productivity, and the ability to 
acquire food, (Senauer and Roe, 1997). 
A household may drive its food entitlements from different sources as own 
production, income (from the sale of labor or of surpluses and disposal/use of assets. 
When households are able to generate a surplus above their basic food 
requirements, the excess resources are diverted into assets, from which the household 
can draw in the event of a food crisis. Assts can be either physical or human, or 
merely in the form of social and institutional claims, (IFAD, 1993). 
Table 1: International Fund For Agricultural Development Has Summarized the 
Factors, which are Affecting Household Food Security in Table Form. 
Concept 
Food access 
Security/Risk 
Source 
Food Supply 
Income 
Assets 
Access to credit 
Access to natural 
resources 
Claim/social 
network 
Diversification 
Variables 
Per capita staple food production 
Staple food yields 
Duration of staple food harvest 
Total income 
Land sale 
Livestock sales 
Durable good sales 
Amount borrowed 
Gathering of wild fruits and plants 
Transfer, remittances, subsidies, 
gifts, access to informal credit 
Income composition 
Number of crops grown by the 
household. 
Number of crops grown in the 
community. 
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Food market 
integration 
Migration 
Assets 
Income-generating activities in 
petty trading. 
Number of household members 
working off farm. 
Staple food market dependency 
ratio 
Net staple food purchases 
Male head migration 
Female head migration 
Asset stock 
Asset liquidity 
Asset depletion 
Source: IFAD, 1993. 
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Figure 4: National Food Security Availability Does Not Mean Individuals Are 
Free Of Hunger. A Simplified Diagram Adapted From Smith's (2002) 
Version of Frankenberger and UNICEF's Diagram. 
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2.3 Defining Food Insecurity 
Food Insecurity can be measured at several different levels or units of 
analysis. The exact dimensions that need to be measured vary, depending on the unit 
of analysis chosen (national, community, household or individual levels). 
Food insecurity exists whenever the availability of nutritionally adequate, safe 
foods, or the ability to acquire personally acceptable foods in socially acceptable 
ways, is limited or uncertain for a person, (Campbell, 1990). 
Food Insecurity: Limited or uncertain availability of nutritionally adequate and safe 
foods or limited or uncertain ability to acquire acceptable foods in socially acceptable 
ways, (Life Sciences Research Office, 1990). 
Food insecurity implies a limited ability to secure adequate food. Specifically, 
food insecurity is having "limited or uncertain availability of nutritionally adequate 
and safe foods or limited or uncertain ability to acquire acceptable foods in socially 
acceptable ways", (Anderson, 1990). 
Food insecurity is understood to be a sub-set, or a particular kind of 
vulnerability. It describes the characteristics of the systems and strategies on which 
individuals, households and larger groups rely in order to secure sufficient physical 
and economic access to nutritious food. When these systems become subject to 
shocks and stresses, or less resilient, such people can be said to be food insecure. 
Food insecurity is vulnerability to food deprivation. People can be food insecure even 
if at a particular point of time they have access to sufficient food, but when that access 
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is prone to failure, or when people have reason to fear hunger in the future, (Kennedy, 
2002). 
Food insecurity is the lack of access to enough food. There are two kinds of 
food insecurity, chronic and transitory, (Reutlinger, & van Hoist Pellekaan,1986). 
Chronic Food Insecurity: is a continuously inadequate diet caused by the inability to 
acquire food. It affects households that persistently lack the ability either to buy 
enough food or to produce their own. Hence, poverty is considered the root cause of 
chronic food insecurity. 
Transitory Food Insecurity: is a temporary decline in a household's access to 
enough food. It results from instability in food prices, food production, or household 
incomes and in its worst form it leads to famines. Famines are the worst form of 
transitory food insecurity. They can result from several causes: wars, floods, drought, 
crop failures, and the loss of purchasing power by groups of households, and market 
failures including sometimes high food prices and grain hoarding. All of these types 
of disruptions to food supplies can 'trigger' subsistence crises by threatening a 
population's access to food. 
2.3.1 Dimensions of Food Insecurity 
Box 2: Dimensions of Food Insecurity 
Household Level 
Market Level 
Transitory 
Income and savings shortfalls 
Entitlement failure 
Health shocks 
Change in food prices. 
Food availability decline. 
Chronic 
Insufficient assets (including 
education and human capital). 
Intra-household resource 
sharing. 
Long-run relative prices and 
wages. 
Source: Broca 2002. 
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The above box. 2 on the dimensions of food insecurity is self-explanatory. 
This may explain why national self-sufficiency is so often confused with food security 
despite the fact that national self-sufficiency is neither necessary nor sufficient to 
guarantee food security at the individual level (Hong Kong and Singapore are not 
self-sufficient but their populations are food secure while India is self-sufficient but a 
large part of its population is not food secure). The principal reason for the confusion 
is that food production as a source of income and entitlements is confused with food 
production as a source of supply of the commodity food, (Dreze and Sen 1989). What 
often happens is that a collapse in food production, which necessitates imports, may 
also lead to an entitlements collapse which causes hunger. Under these circumstances 
it is easy to see why food imports may appear to cause the later. Since food insecurity 
is a complex concept, several measures of food insecurity are available, each 
capturing a different aspect of the problem. 
Indicators of Household Food Insecurity 
Chung et al. (1997) have used the following indicators to household food 
insecurity based on triangulation among various qualitative methods which include 
factors like (1) Owing poor quality land or no land. (2) Holding distress sales of large 
livestock or small livestock. (3) Holding distress sales of other productive assets.(4) 
Holding distress sales of other valued assets , such as jewellery. (5) Taking out a high 
number of small loans, especially from informal sources (neighbors, relatives and 
shopkeepers). (6) Choosing drought-tolerant crops when more profitable but risky 
options exist.(7) Relying heavily on wage work.(8)Accepting attached laborers 
positions. (9) Women who work for wages and have young children.(10) Migration in 
search of work. (11) Having few income earners in a large family.(12) Purchasing 
staple grains more than once a week.(13) Suffering from physical disabilities or 
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chronic illness. (14) Substituting inferior quality staple foods for preferred 
quality.(15) Substituting inferior quality vegetables or legumes, or going without.(16) 
Substituting gruels for the main staple (to stretch consumption).(17) Providing 
dowries.(18) Buying gifts and fulfilling obligations to relatives. (19) Celebrating 
religious holidays. 
2.3.2 Principal Consequences of Food Insecurity 
Food Insecurity and the frequently extreme efforts made by affected to avert it 
lead to much human suffering. In addition food insecurity results in substantial 
productivity losses in both short and long run because of reduced work performance, 
lowered cognitive ability and school performance, and inefficient or ineffective 
income earning decisions designed to hedge against food availability and access 
constraints. Food insecurity can thus be misallocation of scarce resources and loss 
through sale of productive assets. Food is essential to survive, and people are more 
emotionally secure and better off psychologically when they have food security. Food 
Security and adequate nutrition are beneficial outcomes in themselves as well as 
important inputs to economic development. 
Improved adult nutrition leads to higher productivity in the labor market. High 
levels of morbidity, due in part to insufficient nutrition intake, can reduce work time 
directly as well as indirectly through the need to take care of sick family members. 
High levels of morbidity can also divert household resources away from farm or non-
farm investments towards medical care. 
2.4 Defining Hunger 
In 1984, the President's Task Force on Food Assistance reported that hunger 
"has come to mean rather different things to different people", (President's Task 
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Force on Food Assistance, 1984). Unfortunately, the struggle of defining hunger, 
especially as it relates to food access, still exists two decades later. 
"The medical definition of hunger would be a weakened, disordered condition 
brought about by a prolonged lack of food. In adults the result of such hunger is a loss 
of weight leading eventually to reduce physical strength or impaired function. In 
children, the effect of prolonged lack of food is slower growth, or halted growth if the 
lack is severe enough, and loss of weighf, (President's Task Force on Food 
Assistance, 1984). 
Hunger can "mean rather different things to different people", (President's 
Task Force on Food Assistance, 1984). However, it appears that physiological hunger, 
whether voluntary or involuntary, is the physical feeling caused by lack of food, and it 
has metabolic, sensory, and cognitive attributes. This term should be incorporated into 
surveys, used during patient interviews when assessing symptoms, and evaluated in a 
variety of clinical contexts or situations. On the other hand, resource-constrained 
hunger is involuntary and recurrent, chronic, or prolonged physiological hunger, due 
resource constraints that negatively impact access to food, and it has quantitative, 
qualitative, psychological, and social attributes. An individual, family, or household 
who experiences resource-constrained hunger is assumed to be food insecure. This 
term should be used to describe individuals, families, or households who demonstrate 
involuntary and recurrent, chronic, or prolonged physiological hunger. 
Hunger was defined by Anderson, referring to it in two respects. First, as "the 
uneasy or painful sensation caused by a lack of food" and, next, as "the recurrent and 
involuntary lack of access to food", (Anderson, 1990). Hunger, that is, lacking access 
to food, and malnutrition were both cited as potential, although not inevitable, 
consequences of food insecurity, (Anderson, 1990). 
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Consequently, the concept of hunger has been clarified through many local, 
regional, and state studies, as well as several national surveys, including the Survey of 
Program Dynamics, National Health and Nutrition Examination Survey (NHANES 
IV), National Center for Educational Statistics' Early Childhood Longitudinal Study 
(ECLS), and Panel Study of Income Dynamics (PSID), Economic Research Service 
(2005). Despite this progress, the concept of hunger still lacks clarity. 
In spite of this, as summarized by Radimer (2002), the definitions of food 
security, food insecurity, and hunger published by Anderson (1990) broadened the 
term from hunger to food insecurity and limited the term hunger to its physiological 
meaning, even though it is a social issue, (Radimer, 2002). In fact, some have 
reported that hunger has been defined, or has been perceived to be defined, as only 
being able to buy inexpensive food or being uncertain about where the next meal is 
coming from, (Economist, 2003). First, hunger describes the physical sensations that 
promote consumption of food. 
Hunger is one of the direct manifestations of poverty and is a violation of a 
basic human right recognized in legally binding international instruments, (Broca, 
2002). 
Economic Research Service (2005) on their Food Security Briefing Room 
website, "The physiological phenomenon of hunger is defined as an uneasy or painful 
sensation caused by a lack of food. 
As measured and described in the U.S. food security measurement project, 
'hunger' is involuntary hunger that results from not being able to afford enough food. 
People are not counted as 'hungry' for these statistics if they were hungry only 
because they were dieting to lose weight, fasting for religious reasons, or were just too 
busy to eat", (Economic Research Service, 2005). 
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2.5 Defining Malnutrition 
Malnutrition: A broad term indicating impairment to physical and /or mental 
health resulting from failure to meet nutrient requirements. The insufficiency of 
nutrients mat result from inadequate nutrients or from interference with the body's 
ability to process and utilize nutrients. Malnutrition is most often clinically observed 
as stunting, tissue wasting, cognitive and behavioral deficits, or, in extreme form, a 
disease of starvation (Kwashiorkor, marasmus), (Physical Task Force on Hunger in 
America, 1985). 
Malnutrition: An outgrowth of hunger is malnutrition, a condition in which the 
body does not obtain a sufficient supply of the essential nutrients. Even people who 
do not generally experience hunger can be malnourished if they do not have balanced 
diets, (Leinwand, 1985). 
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Figure 5: Relationship of Food Security, Dietary Intake, and Nutritional Status. 
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Malnutrition is a state of poor health with symptoms that can be identified 
clinically as due to inadequate intake of one or more essential nutrients over a 
sustained period; includes both undernutrition and overnutrition, (Massachusetts 
Department of Public Health ,1983).Food security, or rather insecurity, is at the heart 
of food crises and food-related emergencies. It is an underlying cause of malnutrition 
and mortality and a significant factor in longer-term livelihood security. 
Malnutrition: A pathological state, general or specific, resulting from relative 
or absolute deficiency or an excess in the diet of one or more essential nutrients. It 
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may be clinically manifest or detectable only by biochemical and physiological tests. 
Five different forms of malnutrition have been distinguished: starvation, under 
nutrition, specific efficiency, imbalance and overnutrition (FAO, 1987). 
Malnutrition is a broad term commonly used as an alternative to 
undernutrition but technically it also refers to overnutrition.People are malnourished if 
their diet does not provide adequate calories and protien for growth and maintenance 
or they are unable to fully utilize the food they cat due to illness (undernutrition). 
They are also malnourished if they consume too many calories,( UNICEF, 2006a). 
The term malnutrition indicates a bad nutritional status. Malnutrition refers to 
all deviations from adequate nutrition, including undernutrition, over nutrition and 
specific deficiencies (or excesses) of essential nutrients such as vitamins and minerals. 
The terms malnutrition and undernutrition are often used loosely and interchangeably, 
although a distinction needs to be made at all times, (FAO, 2007a). 
Malnutrition arises either from deficiencies or excesses of specific nutrients, 
or from undiversified diets (wrong kinds or proportions of foods). Malnutrition may 
arise from imbalance, excesses or deficiency of specific nutrients, for example, 
iodine, vitamin C, iron and vitamin A. 
"Malnutrition" and "undernutrition" often both refer to nutritional situations 
that are typical in populations belonging to the low-income and poor socio-economic 
groups of developing countries. Poverty is the root cause of malnutrition. Food 
security, health and care are the underlying causes, (FAO, 2007a). 
Nutrition and health are closely linked, as disease contributes to malnutrition, 
while malnutrition makes an individual more susceptible to disease. There is a 
'vicious cycle' in which malnutrition and diseases influence each other. This 'vicious 
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cycle' in which one exacerbates the other is known as the "malnutrition-infection 
cycle" and can eventually lead to severe malnutrition and death. 
Figure 6: Malnutrition Infection Cycle 
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However, the challenge of achieving food security for all our people remains a 
real one even today, and will continue to demand our attention in the coming decades. 
Food security depends on both availability of food and access to it. Long-term food 
security required not only producing sufficient food to meet the market demand, but 
also ensuring that all citizens have the required purchasing power to obtain the food 
they need for a nutritious and healthy life. India has won the first battle, but the 
second still looms large. By best estimates, nearly half of the population still suffers 
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from chronic under-nutrition. The most vulnerable are children, women and the 
elderly, especially among the lower income groups. While the number of children 
suffering from severe malnutrition declined significantly in the 1990s, the prevalence 
of mild and moderate under nutrition, especially among those in the lower 30 per cent 
income group, is still high. Prevalence of micro nutrient deficiencies such as anemia 
is also very high. 
The problem of chronic macro and micro nutrient under nutrition cannot be 
addressed simply by increases in food production or the accumulation of larger food 
buffer stocks. The public distribution system has been able to effectively target the 
most needy in an effective manner. Targeted food for work programmes and targeted 
the most needy in an effective manner. Targeted food for work programmes and 
targeted nutrition programmes can alleviate the problem temporarily. But in the long 
run, the solution is to ensure employment opportunities for all citizens so that they 
acquire the purchasing power to meet their nutritional requirements. Thus, 
employment or livelihood security becomes an essential and inseparable component 
of a comprehensive strategy for national food security and must be considered as one 
of the nation's highest priorities. 
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Chapter 3 
S.lWorld Food Prospects 
The world food situation is currently being rapidly redefined by new driving 
forces. Population, income growth, urbanization, climate change, high energy prices, 
globalization, are transforming food consumption, production, and markets. The 
influence of the private sector in the world food system, especially the leverage of 
food retailers, is also rapidly increasing. Changes in food availability, rising 
commodity prices, and new producer consumer linkages have crucial implications for 
the livelihoods of poor and food insecure people. Demand driven by high economic 
growth and population change. Many parts of the developing world have experienced 
high economic growth in recent years. Developing Asia, especially China and India, 
continues to show strong sustained growth. Real GDP in the region increased by 9 
percent per annum between 2004 and 2006. Sub-Saharan Africa also experienced 
rapid economic growth of about 6 percent in the same period. Even countries with 
high incidence and prevalence of hunger reported strong growth rates. Of the world's 
34 most food-insecure countries, 22 had average annual growth rates ranging from 5 
to 16 percent between 2004 and 2006.Beyond 2008, world growth is expected to 
remain in the 4 percent range while developing-country growth is expected to average 
6 percent, (Mussa, 2007). This growth is a central force of change on the demand side 
of the world food equation. 
3.1.1 Population Scenario by 2020 
About 73 million people will be added to the world's population on average 
every year between 1995 and 2020, increasing it by 32 percent to reach 7.5 billion in 
2020 (Table 1). An overwhelming 97.5 percent of the increase in population is 
expected to occur in the developing world, whose share of global population would 
increase from 79 percent in 1995 to 84 percent in 2020. One-third of the total 
41 
population increase is anticipated to occur in just two countries China and India. 
However, India's population is growing much faster and is poised to overtake that of 
China by 2035. Over this period, the absolute population increase will be highest in 
Asia, but the relative increase will be greatest in Sub-Saharan Africa, where the 
population is expected to almost double by 2020. 
Table 1: World Population, 1995-2020. 
Region Population level Population increase, Share of 
1995 2020 1995-2020 increase 
(millions) (millions) (percent) (percent) 
Latin America and 
the Caribbean 
Africa 
Asia, excluding 
China 
India 
Developed 
countries 
Developing 
countries 
World 
480 
697 
3,311 
1,221 
934 
1,172 
4,495 
5,666 
665 
1,187 
4,421 
1,454 
1,272 
1,217 
6,285 
7,502 
185 
490 
1,110 
233 
338 
45 
1,790 
1,836 
38.5 
70.3 
33.5 
19.1 
36.2 
3.8 
39.8 
32.4 
10.1 
26.7 
60.5 
12.7 
18.4 
2.5 
97.5 
100.0 
Source: United Nations, 1999. 
3.1.2 Urbanization Trend by 2020 
These large increases in food demand will result not only from population 
growth but also from urbanization. The world's urban population has grown more 
than the rural population; within the next three decades, 61 percent of the world's 
populace is expected to live in urban areas, (Cohen, 2006). However, three-quarters of 
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the poor remain in rural areas, and rural poverty will continue to be more prevalent 
than urban poverty during the next several decades, (Ravallion, Chen and Sangraula, 
2007). 
Figure 1: Urban and Rural Population Average Annual Increment (million) in 
Developing Countries, 1975-2020. 
67.4 
-10 
-0.2-
1975-80 1985-90 1995-2000 2005-10 2015-20 
• Rural Urban 
Source: United Nations, 2004. 
Not only are the urban areas of less developed regions absorbing most of the 
population growth in urban areas worldwide, they are also increasingly absorbing 
most of the grovv1;h of the total world population. The average annual increment in 
urban population in less developed regions increased from 35 percent 1975-80 to 54.8 
percent in 1995-2000 and by 2015-2020 it will reach to 67.4 percent. Whereas in the 
same period of time the average annual increment in the rural population in the less 
developed region decline from 31.2 percent in 1975-80 to 20.4 percent in 1995-2000 
and it will further decline to (-0.2) percent by 2015-2020, (Figure 1). This pattern of 
urbanization led to change in the consumption pattern which further led to agriculture 
diversification. 
43 
3.1.3 Agricultural Diversification 
Agricultural diversification toward high-value agricultural production is a 
demand-driven process in which the private sector plays a vital role, (Gulati, Joshi, 
and Cummings, 2007). Higher incomes, urbanization, and changing preferences are 
raising domestic consumer demand for high-value products in developing countries. 
The composition of food budgets is shifting from the consumption of grains and other 
staple crops to vegetables, fruits, meat, dairy, and fish. The demand for ready-to-cook 
and ready-to-eat foods is also rising, particularly in urban areas. Consumers in Asia, 
especially in the cities, are also being exposed to nontraditional foods. Due to diet 
globalization, the consumption of wheat and wheat-based products, temperate-zone 
vegetables, and dairy products in Asia has increased, (Pingali, 2006). Today's shifting 
patterns of consumption are expected to be reinforced in the future. With an income 
growth of 5.5 percent per year in South Asia, annual per capita consumption of rice in 
the region is projected to decline from its 2000 level by 4 percent by 2025. At the 
same time, consumption of milk and vegetables is projected to increase by 70 percent 
and consumption of meat, eggs, and fish is projected to increase by 100 percent, 
(Kumar, et al. 2007). 
Figure 2: Annual Growth Rate of High- value agriculture production, 2004-2006. 
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m Developed Countries 
Source: FAO, 2007b 
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3.2 Global Demand for Livestock By 2020 
A demand-driven "livestock revolution" is under way in the developing world, 
with profound implications for global agriculture, health, livelihoods, and the 
environment. Between the early 1970s and the mid-1990s, the volume of meat 
consumed in the developing countries grew almost three times as much as it did in the 
developed countries. 
Per Capita consumption of livestock products is rising fastest where 
urbanization and rapid income growth result in people adding variety of their diets. 
For the 1997-2020, International Food Policy research Institute projected that for 
developing countries aggregate consumption growth rates of meats and milk 
separately will be 2.9 and 2.7 percent per year each, compared to 0.7 and 0.6 percent 
per year respectively in the developed world, (Table 2). 
Table 2: Projected Trends in Meat and Milk Consumption, 1997-2020 
Region 
China 
India 
Other East Asia 
Other South Asia 
South east Asia 
Latin America 
Of which Brazil 
WANA 
Sub- Saharan 
Africa 
Developing world 
Developed world 
World 
Projected annual 
growth of total 
consumption, 
1997-2020 
(Percent per year) 
Meat 
3.0 
3.5 
3.2 
3.3 
3.3 
2.4 
2.3 
2.6 
3.2 
2.9 
0.7 
2.0 
Milk 
3.5 
3.2 
1.7 
3.0 
2.9 
1.8 
1.7 
2.2 
3.3 
2.7 
0.4 
1.5 
Total 
consumption in 
2020 
(million tons) 
Meat 
104 
9 
4 
6 
19 
45 
19 
13 
11 
213 
114 
327 
Milk 
23 
132 
4 
42 
12 
82 
30 
42 
35 
372 
276 
648 
Per capita 
consumption 
in 2020 
(kilograms) 
Meat Milk 
71 
7 
54 
12 
29 
69 
92 
26 
12 
35 
84 
44 
16 
104 
29 
78 
18 
127 
142 
83 
37 
61 
203 
87 
Source: Delgado, et, al. 2001. 
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Aggregate meat consumption in developing countries is projected to grow by 
102 million tons between 1997-2020, whereas the corresponding figure for developed 
countries is 16 million tons. Similarly, additional milk consumption in the developed 
countries of 25 will be dwarfed by the additional consumption in developing countries 
of 178 million tons. As the growth rates in table, suggest, high growth in consumption 
is spread throughout the developing world and there is no way limited to China, India 
and Brazil, although the sheer size and vigor of those countries will mean that they 
will continue to increase their dominance of the world markets for livestock products. 
Experience for individual commodities will vary widely among different parts 
of the developing world, with China leading the way on meat with a near doubling of 
the total quantity consumed, the increments are primarily poultry and pork. India and 
other South Asian countries will drive a large increase in total consumption, 
(Delgado, et. al. 2001). 
In the developing countries, 70 percent of the additions to meat consumption 
are from pork and poultry. In the developed countries, the comparable figure is 81 
percent. Poultry consumption in developing countries is projected to grow at 3.7 
percent per annum through 2020 followed by beef at 2.9 percent and pork at 2.4 
percent. In the developed world, poultry consumption is projected to grow at 1.3 
percent per annum through 2020, with other meats growing at 0.5 percent or less. 
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Table 3: Projected trends in meat and milk production, 1993-2020 
Region 
China 
Other East Asia 
India 
Other South Asia 
South east Asia 
Latin America 
WANA 
Sub- Saharan 
Africa 
Developing world 
Developed world 
World 
Projected i annual 
growth of total 
production 
1993-2020 
(Percent per year) 
Meat 
2.9 
2.4 
2.8 
2.6 
3.1 
2.2 
2.5 
3.4 
2.7 
0.7 
1.8 
Milk 
3.2 
3.9 
1.6 
3.1 
2.9 
2.0 
2.6 
4.0 
3.2 
0.4 
1.6 
Total production 
in 2020 
(million 
tons) 
Meat 
86 
7 
8 
4 
16 
39 
11 
11 
183 
121 
303 
metric 
Milk 
19 
3 
172 
46 
80 
46 
31 
401 
371 
772 
Per capita 
production 
in 2020 
(kilograms) 
Meat 
60 
55 
6 
9 
25 
59 
18 
10 
29 
87 
39 
Milk 
13 
29 
135 
92 
5 
121 
72 
30 
63 
267 
100 
Source: Delgado, et. al 1999. 
Projected production trends for meat to 2020 closely follow those projected 
for consumption. In the developing countries the projected annual rates of growth are 
2.7 per cent for meat and 3.2 per cent for milk. As a result of this growth rate the total 
production will reach to the level of 183 million ton meat and 401 million tons of 
milk, which in turn means a per capita production of 29 kg and 63 kg of meat and 
milk (Table 3).The majority share of livestock production will take place in 
developing countries, even though per capita production levels will be much higher in 
the developed countries, (Delgado, et, al. 1999). In the developing world, demand for 
poultry meat is expected to increase fastest, at an average annual rate of 3.6 percent, 
compared with 2.8 percent for beef and 2.3 percent for pigmeat, (Andersen, et, al. 
1999). 
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World production of milk and meat will grow at rate of 1.8 and 1.6 percent 
annually between 1993-2020, which means a production of 303 million tons of meat 
and 772 million tons of milk which in turn stands for a per capita production of 39 kg 
of meat and 100 kg of milk, (Table 3). 
3.3 Cereal Demand By 2020 
International Food Policy Research Institute in the revised International Model 
for Policy Analysis of Commodities and Trade (IMPACT) estimated total demand of 
2,466 million metric tons of cereal demand by 2020. In comparison to 1995 this 
shows an increase of 39 percent, (Figure 3). 
Figure 3: Total Demand for Cereals, 1995-2020 
2,466 
1995 2020 
Year 
Source: Andersen, et, al. 1999. 
Developing countries will account for 85 percent of the 690 million tons 
increase in the global demand for cereals between 1995-2020, (Andersen, et. al, 
1999). Out of this increase in demand share of China, India, West Asia and North 
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Africa, Latin America, Sub Saharan Africa, rest of Asia and developed countries is 
24.9%, 12.6%, 10.1%, 11.7%, 10.6%, 14.2% and 15.9%, (Figure 4). 
Figure 4: Shares of increase in Global Demand for Cereals 1995-2020. 
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Countries, 
15 a' 
Rest of Asia, 
14.2% 
Sub Saharan 
Africa, 10.6% 
Latin America, 
11.7% 
West Asia & 
North Africa, 
10.1% 
India, 12.6% 
China, 24.9% 
World = 690 million ton increase 
Source: Andersen, et.al 1999. 
However a person in the developing country in 2020 will consume less than 
half the amount of cereals consumed by a person in developed country. Per capita 
demand for cereals in developing countries will continue to lag far behind that in 
developed world. The disparities in demand can be explained partly by lower incomes 
and greater dependence on roots and tubers for sustenance in developing countries 
and by much heavier use of cereals for feeding livestock in developed countries. 
Within the developing world, increases in per capita demand for cereals (food 
and feed) and meat products in East Asia will far outstrip those in other regions. This 
is not surprising given that income levels are already relatively high in East Asia and 
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are projected to continue to grow rapidly in the next two decades, triggering massive 
increases in demand. In the case of cereals, for instance, while per capita demand in 
Sub- Saharan Africa is projected to increase by 13 kilograms between 1995 and 2020 
to reach 156 kilograms in 2020, in East Asia it is projected to increase by 66 
kilograms to reach 373 kilograms in 2020, driven to a large extent by increases in 
demand for feed grain. 
In response to the strong demand for meat products, developing countries 
demand for feed grain is projected to double between 1995 and 2020 to 445 million 
tons, while demand for cereals for direct human consumption is projected to increase 
by 40 percent to 1,013 million tons. By 2020, 27 percent of the cereal demand in 
developing countries will be directed to animal feed, compared with 21 percent in 
1995. In developed countries, feed for livestock will account for over 70 percent of 
the cereal demand, and the increase in cereal demand for feed will far outstrip the 
increase. 
By 2020, demand for maize in developing countries will overtake demand for 
rice and wheat. Essentially, as incomes rise, per capita demand for rice is beginning to 
plateau, but demand for maize for feed purposes is growing substantially. Driven by 
the increased demand for animal feed, demand for maize in developing countries will 
increase much faster than for any other cereal, by a projected 2.35 percent per year 
between 1995 and 2020 compared with 2.09 percent for other grains, 1.58 percent for 
wheat and 1.23 percent for rice. About 64 percent of the maize demand will go toward 
feeding livestock compared with 8 percent of wheat and 3 percent of rice in 2020. In 
China, where total demand for meat is projected to double between 1995 and 2020, 
demand for maize is forecast to increase by around 2.7 percent per year whereas 
demand for rice, the most important staple for human consumption, is projected to 
increase by only 0.6 percent per year. 
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3.4 Supply Situation 
In the past couple of years, developments in global food supply, demand, and 
trade have raised concerns about the world's future food supply. The prices of wheat 
and maize rose rapidly during 1995 and the first half of 1996, and at the same time 
global cereal stocks fell sharply. The world's farmers will have to produce 40 percent 
more grain in 2020, most of which will have to come from yield increases. IMPACT 
projections suggest that farmland cultivated with cereals will increase by only 7.4 
percent or 51 million hectares by 2020, with much of the growth concentrated in the 
relatively low-yielding cereals of Sub- Saharan Africa. A modest expansion in cereal 
area is forecast for Latin America, but virtually no growth is projected for Asia or the 
developed countries. IMPACT projections suggest that global cereal production will 
grow at an average annual rate of 1.3 percent between 1995 and 2020. Increases in 
cultivated area are expected to contribute only one-fifth of the global cereal 
production needed to meet demand between 1995 and 2020. Therefore, improvements 
in crop yields will be required to bring about the necessary production increases. 
Figure 5: Growth in Cereal Production due to Yield Improvement, 1995-2020. 
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However, growth in farmers' cereal yields is slowing. In both developed and 
developing countries, the rate of increase in cereal yields is slowing from the heyday 
of the Green Revolution in the 1970s, (Figure 5). 
Figure 6: Annual growth in Cereal Yields, 1967-82, 1982-94 and 1995-2020. 
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Source: Andersen, et, al. 1999. 
Farm yields in parts of developing countries especially in Asia are 
approaching economically optimum levels, and yield growth rates are slowing. This is 
due partly to reduced use of inputs like fertilizer, reflecting low and falling cereal 
prices, and partly to low levels of investment in agricultural research and technology. 
Poorly functioning markets and lack of appropriate infrastructure and credit are also 
contributing factors. Without substantial and sustained additional investment in 
agricultural research and associated factors, it will become more and more difficult to 
maintain, let alone increase, cereal yields in the longer term, (Figure 6). 
Because of low yield and unavailability of more cultivated area net demand of 
foodgrains will be met by imports. IMPACT projections suggest that the developing 
world's net cereal imports will increase by 80 percent between 1995 and 2020 to 
52 
reach 191.6 million tons. Nevertheless, net cereal imports by developing countries 
will almost double to fill the gap between food production and demand. With the 
exception of Latin America, all major regions are forecast to increase their net cereal 
imports. The massive increase forecast in South Asia's net cereal imports from 0.3 
million tons in 1995 to 20.8 million tons in 2020 will arise because domestic 
production in the region will not keep up with income and population growth, (Figure 
7). India is projected to shift from moderate cereal exports to moderate imports, 
owing to declining growlh in cereal yields and relatively rapid income growth. 
Figure 7: Net Cereal Imports of major Developing Region, 1995-2020. 
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3.5 Factors Affecting Global Demand and Supply of Foodgrains in the Twenty 
First Century 
Food prices have been steadily decreasing since the Green Revolution, but the 
days of falling food prices may be over," (von Braun, 2007). "Surging demand for 
feed, food, and fuel have recently led to drastic price increases, which are not likely to 
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fall in the foreseeable future, due to low stocks and slow-growing supplies of 
agricultural outputs. The rise in prices is on account of both demand and supply side 
factors. The use of grains and other agricultural products as feedstock to produce 
biofuel in the form of ethanol and bio-diesal is the primary factor that has triggered an 
upward shift in the demand of food grains and has caused a major surge in prices. 
Climate change will also have a negative impact on food production, compounding 
the challenge of meeting global food demand, and potentially exacerbating hunger 
and malnutrition among the world's poorest people", (von Braun, 2007). 
3.5.1 Biofuel 
In response to rising oil costs, the production of biofuels as an alternative 
source of energy is also contributing to dramatic changes in the world food situation. 
Increased production of bio-energy will adversely affect poor people in developing 
countries by increasing both the price and price volatility of food. Subsidies for 
biofuels, which are common, exacerbate the negative impact on poor households, as 
they implicitly act as a tax on basic food, (von Braun, 2007). The consumption of 
cereals has been consistently higher than production in recent years and that has 
reduced stocks. A breakdown of cereal demand by type of use gives insights into the 
factors that have contributed to the greater increase in consumption. While cereal use 
for food and feed increased by 4 and 7 percent since 2000, respectively, the use of 
cereals for industrial purposes, such as biofuel production increased by more than 25 
percent, (FAO 2003c and 2007c). In the United States alone, the use of corn for 
ethanol production increased by two and a half times between 2000 and 2006, (Earth 
Policy Institute, 2007). Biofuel production has contributed to the changing world food 
equation and currently adversely affects the poor through price-level and price-
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volatility effects. IFPRI has projected the possible price^ffefcts of biofuels fo/iv^J^ 
potential scenarios up to the year 2020. 
Under the planned biofuel expansion scenario (Scenario 1), international 
prices increase by 26 percent for maize and by 18 percent for oilseeds. Under the 
more drastic biofuel expansion scenario (Scenario 2), maize prices rise by 72 percent 
and oilseeds by 44 percent, (Table 4). Under both scenarios, the increase in crop 
prices resulting from expanded biofuel production is also accompanied by a net 
decrease in the availability of and access to food, with calorie consumption estimated 
to decrease across all regions compared to baseline levels. Food-calorie consumption 
decreases the most in Sub-Saharan Africa, where calorie availability is projected to 
fall by more than 8 percent if biofuels expand drastically. 
Table 4: Changes in World Prices of Feedstock crops by 2020 under two 
scenarios compared with baseline level (%). 
Crop Scenario 1 Scenario 2 
Biofuel Expansion" Drastic Biofuel 
Expansion"' 
Cassava 11.2 26.7 
Maize 26.3 71.8 
Oilseeds 18.1 44.4 
Wheat 8.3 20.0 
Source: von Braun, 2007. 
a. Assumptions are based on actual biofuel production plans and projections in 
relevant countries and regions, 
b. Assumptions are based on doubling actual biofuel production plans and projections 
in relevant countries and regions. 
In addition to biofuels, IFPRI also modeled the impact of supply and demand 
changes on prices and projects that up to 2015, cereal prices could further increase by 
10 to 20 percent, benefiting certain countries and population groups while ill-affecting 
others. 
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Supply and demand changes do not fully explain the price increases. Financial 
investors are becoming increasingly interested in rising commodity prices, and 
speculative transactions are adding to increased commodity-price volatility. In 2006, 
the volume of traded global agricultural futures and options rose by almost 30 percent. 
Commodity exchanges can help to make food markets more transparent and efficient. 
They are becoming more relevant in India and China, and African countries are 
initiating commodity exchanges as well, as has occurred in Ethiopia, for example, 
(Gabre- Madhin. 2006). 
3.5.2 Climate Change 
World agricultural output is projected to decrease significantly due to global 
warming, and the impact on developing countries will be much more severe than on 
industrialized nations. Africa is particularly vulnerable to climate change because of 
its high proportion of low-input, rainfed agriculture, compared with Asia or Latin 
America. Climate-change risks will have adverse impacts on food production, 
compounding the challenge of meeting global food demand. Consequently, food 
import dependency is projected to rise in many regions of the developing world, 
(IPCC, 2007).With the increased risk of droughts and floods due to rising 
temperatures, crop-yield losses are imminent. Impacts on the production of cereals 
also differ by crop type. Projections show that land suitable for wheat production may 
almost disappear in Africa. World agricultural GDP is projected to decrease by 16 
percent by 2020 due to global warming. Again, the impact on developing countries 
will be much more severe than on developed countries. Output in developing 
countries is projected to decline by 20 percent, while output in industrial countries is 
projected to decline by 6 percent, (Cline, 2007). Carbon fertilizations could limit the 
severity of climate-change effects to only 3 percent. However, technological change is 
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not expected to be able to alleviate output losses and increase yields to a rate that 
would keep up with growing food demand, (Cline, 2007). Agricultural prices will thus 
also be affected by climate variability and change. Temperature increases of more 
than 3°C may cause prices to increase by up to 40 percent, (Easterling, et al. 2007). 
Exposure to rainfall variability also extends to livestock, which mostly depend on 
range and grasslands that are affected by environmental shocks, such as climate 
change. 
3.5.3 Land Degradation 
'Land degradation' means reduction or loss of the biological or economic 
productivity and complexity of rainfed cropland, irrigated cropland, or range, pasture, 
forest and woodlands resulting from land uses or from a process or combination of 
processes, including processes arising from human activities and habitation patterns, 
such as: (i) soil erosion caused by wind and/or water; (ii) deterioration of the physical, 
chemical and biological or economic properties of soil; and (iii) long-term loss of 
natural vegetation,(United Nations, 1996). 
World agriculture is likely to expand in area to cater for population growth 
and increased demand for food and industrial crops. FAO estimates that the area for 
arable agriculture will expand by 8 % over the next quarter century, with most of the 
expansion occurring in developing countries, and much of it from clearing of tropical 
forests,(Bruinsma, J., 2003). Continued degradation of existing lands will also raise 
the land clearing rate. Under current technologies and practices this will have high 
local costs, but is less likely to lead to large agricultural commodity price increases -
or to threaten global food supplies within the next couple of decades, (Scherr, 1999). 
Increased resource use and improvements in technology and efficiency have raised 
global food production more rapidly than population in recent decades, but 820 
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million people remain food insecure. Meanwhile growth in agricultural productivity 
appears to be slowing, and land degradation has been blamed as a contributing factor. 
Estimates of land degradation's impact on productivity vary widely. Productivity 
losses have been estimated as high as 8 percent per year due to soil erosion alone (in 
the U.S.), and as low as 0.1 percent per year due to all forms of soil degradation (on a 
global scale). The Global Land Assessment of Degradation (GLASOD) in 1991 
estimated that 38 percent of the world's cropland had been degraded to some extent as 
a result of human activity since World War II (including 65 percent of cropland in 
Africa, 51 percent in Latin America, 38 percent in Asia, and 25 percent in North 
America, Europe, and Oceania), (Agriculture Outlook, 2002). Permanent loss of 
farmland due to human-induced land degradation was estimated to be 5-6 million ha 
per year, or about 0.3 to 0.5 % of the world's arable land area, (Scherr, 1999). 
In Asia alone 140 million hectares, or 43 percent of the region's total 
agricultural land, suffered from one form of degradation or more. Of this, 31 million 
hectares were strongly degraded and 63 million hectares moderately degraded losing 
at least US$10 billion annually as a resuh of losses resuUing from land degradation. 
This was equivalent to 2% of the region's Gross Domestic Product, or 7% of the value 
of its agricultural output. Total on-site annual losses were estimated at US$9.8 to 11 
billion a year, or at least US$10 billion, (FAO, 1994). 
By the year 2020 land degradation may pose a serious threat to food 
production and rural livelihoods, particularly in poor and densely populated areas of 
the developing world. Land degradation reduces potential yields and therefore farmers 
may need to use more inputs such as fertilizers or manure in order to maintain yield, 
or they may be temporarily or permanently abandon some plots. Degradation may 
also induce farmers to convert land to lower-value uses. For example, farmers may 
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plant cassava, which demands few nutrients, instead of maize, or may convert 
cropland to grazing land, (Scherr and Yadav, 2001). 
3.6 Undernourishment Around The World 
Ten years after the 1996 Rome World Food Summit (WFS), the number of 
undernourished people in the world remains stubbornly high. In 2001-03, FAO 
estimates there were still 854 million undernourished people worldwide: 820 million 
in the developing countries, 25 million in the transition countries and 9 million in the 
industrialized countries, (FAO, 2006a). The number of undernourished in the 
developing world actually increased from 823 million in 1990 to 830 million in 2004 
(von Braun, 2007). In the same period, the share of undernourished declined by only 3 
percentage points from 20 to 17 percent. The share of the ultra poor those who live on 
less than US$0.50 a day decreased more slowly than the share of the poor who live on 
US$1 a day, (Ahmed et al. 2007). In Sub-Saharan Africa, the number of food-insecure 
people increased by more than 26 percent , the prevalence of undernourishment 
increased by 0.3 percent per year and the number of people living on less than 
US$0.50 a day has also actually increased, (Ahmed et, al. 2007). South Asia remains 
the region with the largest number of hungry, accounting for 36 percent of all 
undernourished in the developing world. Recent data show that in the developing 
world, one of every four children under the age of five is still underweight and one of 
every three is stunted. Children living in rural areas are nearly twice as likely to be 
underweight as children in urban areas, (UNICEF, 2006b). Economic growth has 
helped to reduce hunger, particularly when it is equitable," but unfortunately, growth 
does not always reach the poorest people," (von Braun, 2007). Clearly, the poorest are 
being left behind. 
59 
Knowing the number of calories missing from the diets of undernourished 
people helps round out the picture of food deprivation in a country. The depth of 
hunger or food deficit is measured by comparing the average amount of dietary 
energy that undernourished people get from the foods they cat with the minimum 
amount of dietary energy they need to maintain body weight and undertake light 
activity. The diet of most of the 820 million chronically hungry people lacks 100-400 
Kilo Calories, (FAO, 2000). 
Table 5: Number and Percentage of Undernourished in Developing World. 
Region 
Sub Saharan Africa 
Near East/North Africa 
Latin America and 
Caribbean 
China and India 
Other Asia 
Developing Countries 
%of Population 
1996-98 
34 
10 
11 
16 
19 
18 
2015 
22 
8 
7 
7 
10 
10 
2030 
15 
2 
5 
3 
5 
6 
Millions 
1996-98 
186 
36 
55 
348 
166 
791 
of People 
2015 
184 
38 
45 
195 
114 
576 
2030 
165 
35 
32 
98 
70 
400 
Source: Agriculture: Towards 2015/2030, Technical Interim Report, FAO, 2000. 
The figure for 2015 indicate that the overall proportion of the developing 
countries population that is undernourished will be half what it was in 1990-92, the 
base period for the world food summit target. But the number of undernourished 
people will not reduce by the same proportion (50%) and it will still be around what it 
was in 1990-92. 
If the goal were applied regionally, South and East Asia would be on track to 
approach it by 2015. Sub Saharan Africa and near East would remain far from the 
target, and Latin America would be in between. Overall these outcomes would reflect 
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the continuation of long term decline in the prevalence of undernourishment in Asia, 
which began in 1969-71 in east Asia and a decade later in South Asia, (Table 5). 
For China and India combined, the prevalence of undernourishment is 
projected to decline from 16 percent in 1996-98 to 7 percent in 2015. Together they 
represent more than one third of the world's population so any change in their levels 
of undernourishment has a large effect on world averages. 
With business as usual, hunger and malnutrition will remain prevalent and 
persistent. A food secure world will be realized only if broad based economic 
development is accelerated, particularly in low income developing countries; 
investment in research, technology and infrastructure are enhanced, women have 
greater voice in decision making at all levels, low income people in both rural and 
urban areas, especially women, gain greater access to remunerative employment, 
productive assets, credit, markets, education, clean water and heath care. As the world 
food situation is being rapidly defined by new driving forces, including income 
growth, climate change, and increased production of biofuels, the global community 
must give renewed attention to the role of agriculture, nutrition, and health in 
development policy," (von Braun, 2007). "Above all, policies must target the world's 
most poor and hungry people, to ensure that they do not get left behind in the wake of 
overall economic growth and global progress," (von Braun, 2007). 
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Chapter - 4 
Measuring the Number of 
Food Insecure People: 
Individual Calorie Intake 
Approach 
Chapter 4 
4.1 Food Insecurity in India 
Food security is often considered at different level such as global, regional, 
national household and individual level. While the early concerns has been mainly 
confined to global and regional food security during the last two decades the focus 
has been shifted to food security concerns at national, local, household and 
individual levels and this shift has been modified and enlarge the concept itself Food 
security is about availability of food and access to sufficient income to purchase food 
and effective utilization of food within the household. 
Let us begin by distinguishing four different questions about a country's 
achievements in relation to ensuring adequate nutrition for all. Each points to a 
particular focus of attention: Is the country self sufficient in food? Does the country 
have adequate food availability? Do the people in the country have sufficient food 
entitlement? Do the people have adequate nutritional capability? 
There are causal links between the respective points of attention in these 
questions. For example, achieving food self sufficiency can be one way for a country 
to ensure adequate food availability. Having an adequate supply of food will generally 
help, to a varying extent, the guaranteeing of sufficient food entitlements for all. And 
securing an adequate entitlement to food must contribute to a person's nutritional 
capability. But there are also complexities indeed gaps in such causal relationships. 
Public action to combat hunger has to take note both of the causal links and of the 
gaps in those links, (Dreze and Sen, 1989). 
4.2 National Food Security 
How far India has succeeded in attaining the objective of achieving physical 
and economic access of food since independence need to be analyzed, before 
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prescription can be given for a future course of action. India has had a long history of 
famine with last major one where 1.5 million people lost their lives occurring in 1943 
in Bengal. To the credit of India no such large scale starvation has recurred since that. 
In several years during the post independence period, when the domestic production 
of food grain fell sharply, such as 1955, 19966-67, 1973-75, 1979 and 1987, 
conditions were ripe for a famine, but each time the disaster was successfully averted. 
In this context, Tyagi (1990) quotes from Reutlinger (1978), the government of India 
was able to manage by and large, this difficult situation by administrative means, 
mobilization of extra grain supply from abroad and thereby avoid widespread 
catastrophic famine. One of the best measures of measuring food security situation at 
national level is to compare growth rate of production of staple food with annual 
growth rate of population. 
Table 1: Growth Rates of Population and Production in India from 1951 to 2006. 
Year 
1951 
1961 
1971 
1981 
1991 
2001 
2001-2006* 
Population 
361.09 
439.23 
548.16 
683.33 
846.39 
1027.02 
1112.186 
Annual growth 
rate 
1.25 
1.96 
2.24 
2.23 
2.14 
1.93 
1.61 
Growth rate of 
Food grain 
production 
-
4.8 
2.4 
2.0 
3.3 
1.6 
-0.10 
Source: Economic Survey, 2001-02. 
* 2006, Population Projections for India and States 2001-26. Report of the technical 
group on population projections constituted by the National Commission on 
Population, May 2006. Office of the Registrar General and Census Commissioner, 
India, New Delhi. And food Grain production figure from Agriculture statistics at a 
glance, 2006-07. Ministry of Agriculture, Govt, of India. 
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There is no doubt that India maintains a balance between production growth 
rate and population growth rate and have the capacity to support even the existing 
human and animal populations. But if we analyze the current position of Indian 
agriculture we find that the production growth rate is not increasing rather decreasing 
over the period of time. If this trend continues there is no doubt that India will become 
the net importer of food grains. We find this statement very realistic if we see that 
India is importing wheat from Australia and other countries to feed its population. If 
action not be taken immediately the situation will become even poorer as population 
growth rate is not decreasing to that extent as the production growth rate. Hence, the 
future of food security depends upon population stabilization, the conservation and 
care of arable land through attention to soil health and replenishment of fertility, and 
the conservation and careful management of all water sources so that more crops can 
be produced per drop of water. 
Table 2: Per Capita Production of Food Grains in India. 
Year 
1961 
1971 
1981 
1991 
2001 
2002 
2003 
2004 
2005 
2006 
Population 
(million) 
442 
551 
689 
852 
1033 
1045 
1062 
1079 
1096 
1112 
Per Capita 
Production of 
total food 
grains (Kg/ 
year) 
185 
197 
188 
207 
190 
204 
165 
196 
181 
187 
Per capita 
Production of 
Rice and 
Wheat (Kg/ 
year) 
103 
120 
131 
152 
148 
159 
129 
149 
138 
144 
Per capita 
Production of 
Pulses& Coarse 
Cereals 
(Kg/ year) 
82 
77 
57 
56 
44 
48 
38 
52 
46 
40 
Source: Government of India. 2007a. 
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4.3 Household Level Food Insecurity in India 
Although the growth in food grain production has slowed in recent years, it 
has remained above population growth rates, so at the national level India has enough 
food to feed its population of well over 1 billion people. Nonetheless, despite these 
impressive gains, household-level food security has not been achieved. Household 
food security is a function not only availability of food but also the purchasing power 
available with each household. "The root cause of such non-accesses or food 
insecurity is poverty and one has to understand this in order to appreciate the 
contradiction between food self-sufficiency on the one hand and prevailing 
malnutrition on the other", (Nawani, 1994). This lack of access or lack of purchasing 
power has been forcefully brought out by Amaratya Sen when he describe it as 
deprivation due to non entitlement or "the inability of certain people to command 
food through the legal means available in the society, including the use of production 
possibilities, trade opportunities, entitlement vis-a-vis the state and other methods of 
acquiring food", (Sen, 1981). In the last decade India imported neghgible amount of 
cereals only in three (1990, 1993, and 1994) and in rest of the decade even emerged as 
a minor exporter. India has therefore achieved self-sufficiency in food grain 
production in that particular manner of understanding of self-sufficiency. Food 
insecurity at the household level has become unacceptable in India where the 
economy is growing at high rates and food sufficiency is already achieved at the 
macro-level. Food security has always been an important issue in the Indian political 
economy and was addressed by numerous poverty-eradication and rural development 
programmes that emerged and evolved with time. However, household food 
insecurity associated with insufficient purchasing power may very well coexist with 
food abundance at global, nafional or even sub-national levels. It is, in fact, a form of 
extreme poverty that depletes the productive capacity inherent in people and creates a 
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vicious circle of poverty and incapacity in which food-insecure households also tend 
to remain poor. Food is a 'capability'. It is not only an end but also a means to a 
variety of ends. Household food insecurity as conventionally been battled with 
mainstream employment and growth-oriented strategies that improve the purchasing 
power of households and thus amelio rate poverty. 
4.4 Nutritional Intake 
A healthy and nutritionally well-fed population is indispensable for economic 
growth and development. Health and nutritional status affects the capacity to learn, 
which in turn determines productivity and economic growth. Studies show that a 
healthy adult with a nutritionally adequate diet has a higher level of economic 
productivity in both own farm production and labor market than one who eats less. 
Moreover, the interaction between inadequate dietary intake and disease leads to 
malnutrition disability and deaths. Adequate nutrition increases option for 
conservation or at least reduces pressures on people to use resources unsustainably in 
the effort to meet basic needs, (Johns and Eyzaguirree, 2002). 
The nutritional status of population is determined by its intake of energy, 
protein and fat. Nutritionists have evaluated requirements and have recommended 
balance diet. A balance diet is one, which meet requirement of energy and other 
nutrients proportionately. However, the actual food taken to satisfy the intake of 
energy and other nutrients as per balance diet varies according to available food as 
well as factors such as consumer preferences, income and relative prices of different 
items. 
For a balance diet we require certain amount of calories intake. But looking 
only calorie requirements with food security has some weaknesses. Calorie adequacy 
cannot be equated to a healthy and active life. In brief the major problem with calorie 
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norms is to determine what could be considered as adequate number of calories. In 
India and in several other developing countries the calorie norms is taken for 
definition of poverty line i.e. those having calorie intake above certain level being 
defined as non-poor and the rest as poor. A serious but inconclusive debate continues 
with different scholars maintaining different standards of adequacy. In any case it is 
clear that the norms of adequate calorie will vary depending on external environment 
and the nature of activity of an individual. For example, calorie requirement of a 
person in humid climate may be different from that of one in dry and harsh climate. 
Similarly, calorie requirement of a person perusing a sedentary lifestyle will be 
different from the one engaged in manual labor. This is evident from the fact that 
while more and more people are able to access adequate calories; this is not reflected 
in a sizable reduction in malnutrition. Even if we assume that adequate calories are 
available to every member of the household there is no certainty that available 
calories will meet the requirement of protein energy and micronutrients such as iron, 
iodine and vitamin A. Despite all these shortcomings in most cases household or 
individual calorie intake are the only available way and the most accurate way for 
measurement of Food security in given society, (Hoddinot ,1999 & 2001). 
4.4.1 Nutritional Requirement for Indian 
Determining the biological needs of the Indian population requires detailed 
calculation and assumption to arrive at representative values. The task is complicated 
by the fact that individuals differ widely in their nutritional requirements. By virtue 
of body size, gender, age and activity level, e.g. energy requirement can vary from 
less than 700 kcal/day for a child during the first year of life to more than 3500 kcal 
for a male-aged 30 yrs performing manual labor. 
67 
The definition of adequacy with respect with respect to calorie requirement 
has got wide variation. 
One of the most widely acceptable definition of nutritional adequacy is that of 
the Joint FAO/WHO/UN expert committee on nutrition, (WHO, 1985), which defines 
adequacy as the level of intake that will balance energy expenditure when an 
individual has a body and composition and level of physical activity consistent with 
long-term good health and performance of economically necessary and socially 
desirable tasks. 
Another version given by Hopper (1999), "What level of health is acceptable 
for example and should it include additional nutritional intake for leisure time 
activities. 
The ICMR has made recommendations of the dietary requirements of Indian 
populations by age sex and level of physical activities. Some important parameters 
and requirements are shown in table 3. 
Table 3: Recommended Dietary Allowances for Indians. 
Category 
Men: 
Sedentary Work 
Moderate Work 
Heavy Work 
Women: 
Sedentary Work 
Moderate Work 
Heavy Work 
Pregnant 
Lactating 
Energy 
(Calories/day) 
(grams/day) 
2425 
2875 
3800 
1875 
20 
2225 
2925 
+300 
+500 
Protein 
(grams/day) 
60 
50 
+15 
+22 
Fat 
20 
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Children: 
1-3 years 
4-6 years 
7-9 years 
Boys: 
10-11 years 
13-15 years 
16-18 years 
Girls: 
10-12 years 
13-15 years 
16-18 years 
1240 
1690 
1950 
2190 
2450 
2640 
1970 
2060 
2060 
22 
30 
41 
54 
70 
78 
57 
65 
63 
25 
22 
25 
22 
22 
22 
22 
22 
22 
Source: ICMR (Indian Council of Medical Research 1990). 
The variation in requirements by age, sex type of physical activity is quite 
large. For healthy growth and optimum productivity, these requirements need to be 
met. According to one estimate of FAO (FAO, 1996a), the average energy 
requirement of Asian population is 2150 calorie per day. The Planning Commission, 
Government of India has worked out 2400 and 2100 calories minimum requirement 
for Indian in rural and urban areas. The NSSO conducted a nutritional intake survey 
in 1993-94. It crosses the daily per capita intake of nutrition against monthly 
expenditure classes; separately for rural and urban areas (the level of expenditure has 
been taken as the indicator of income). The NSSO (National Sample Survey 
Organization) has been using a daily norm of 2700 calories per consumer unit and 
actual consumption levels were compared against this norm to determine the 
adequacy of diet. 
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4.5 Physical Availability Of Foodgrain 
4.5.1. Availability of Food Grains 
Physical access to food can best be measured in terms of per capita availability 
of food grains. The trends in per capita supply of food grains, which can be 
considered as an indicator of the improvements in food security at the individual 
level, indicate that there had been a consistent upward trend in the per capita 
availability of cereals and a consistent downward trend in the per capita availability of 
pulses and coarse cereals, (Table 4). 
Although, there have been fluctuations in the year to year per capita 
availability of 394.6 grams food grains per capita per day in 1951, which amounted 
to 86 percent of the basic requirement of 400 grams per day, physical availability 
risen to 458.6 per day grams in 2000, which is 115 percent of the requirement but it 
further decline to 422.4 grams in 2005 which is just 5.6 percent above of the basic 
requirement. 
While the availability of rice and wheat has been good since the post 
independence level, the unpleasant fact is that per capita availability of pulses, grams 
and cereals showed a decreasing trend. In case of pulses the availability decreased 
from the level of 60.7 grams per day to 31. 5 grams per day a decrease of almost 50 
percent grams and other cereals have also shown similar trends over a period of years. 
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Table 4: Net Availability of Food grains in India from 1951 to 2005 (Grams per 
capita per day). 
Year 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
Rice 
158.9 
158.5 
165.9 
194.1 
179.7 
187.7 
192.7 
164.8 
191.0 
187.8 
201.1 
203.2 
186.9 
201.4 
210.2 
161.9 
154.0 
183.7 
190.5 
190.2 
192.6 
197.8 
172.0 
190.4 
158.9 
187.2 
168.8 
196.2 
200.3 
166.1 
197.8 
193.2 
Wheat 
65.7 
57.6 
62.5 
58.0 
58.3 
61.5 
71.6 
78.5 
78.3 
78.3 
79.1 
84.2 
79.2 
90.1 
93.6 
95.4 
90.5 
95.8 
100.5 
102.3 
103.6 
126.0 
118.1 
108.8 
112.1 
79.5 
114.5 
126.3 
132.3 
126.8 
129.6 
127.9 
Other 
cereals 
109.6 
109.3 
121.5 
136.0 
134.9 
111.2 
111.0 
119.0 
123.9 
118.0 
119.5 
111.5 
117.9 
109.5 
114.7 
102.6 
117.3 
124.6 
106.8 
110.6 
121.4 
95.3 
90.4 
111.2 
94.8 
107.1 
103.0 
100.0 
99.2 
86.6 
89.9 
94.8 
Cereals 
334.2 
325.4 
349.9 
388.1 
372.9 
360.4 
375.3 
350.3 
393.4 
384.1 
399.7 
398.9 
384.0 
401.0 
418.5 
359.9 
361.8 
404.1 
397.8 
403.1 
417.6 
419.1 
380.5 
410.4 
365.8 
373.8 
386.3 
422.5 
431.8 
379.5 
417.3 
415.9 
Gram 
22.5 
19.8 
24.2 
27.3 
31.0 
29.0 
32.8 
25.3 
35.5 
27.7 
30.2 
27.3 
24.7 
20.3 
25.5 
18.3 
15.3 
24.6 
17.4 
21.9 
20.0 
19.0 
16.7 
14.8 
14.2 
20.2 
18.4 
17.8 
18.6 
10.7 
13.4 
14.0 
Pulses 
60.7 
59.1 
62.7 
69.7 
71.1 
70.3 
71.8 
58.5 
74.9 
65.5 
69.0 
62.0 
59.8 
51.0 
61.6 
48.2 
39.6 
56.1 
47.3 
51.9 
51.2 
47.0 
41.1 
40.8 
39.7 
50.5 
43.3 
45.5 
44.7 
30.9 
37.5 
39.2 
Food 
grains 
394.9 
384.5 
412.6 
457.8 
444.0 
430.7 
447.1 
408.8 
468.3 
449.6 
468.7 
460.9 
443.8 
452.0 
480.1 
408.1 
401.4 
460.2 
445.1 
455.0 
468.8 
466.1 
421.6 
451.2 
405.5 
424.3 
429.6 
468.0 
476.5 
410.4 
454.8 
455.1 
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1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
169.8 
197.8 
188.8 
212.0 
206.0 
188.2 
215.0 
212.1 
221.7 
217.0 
201.1 
207.4 
220.0 
204.4 
214.0 
200.3 
203.4 
203.7 
190.5 
228.7 
181.4 
195.4 
177.3 
144.4 
140.8 
138.6 
151.0 
157.8 
154.2 
156.2 
132.6 
166.8 
158.6 
140.2 
159.5 
172.7 
176.0 
179.1 
151.5 
162.3 
160.0 
135.8 
166.6 
180.4 
162.2 
154.3 
83.3 
98.9 
87.9 
70.7 
71.0 
68.8 
80.3 
86.8 
80.0 
58.9 
86.6 
67.1 
64.9 
62.2 
72.9 
62.4 
63.4 
59.0 
56.2 
63.4 
46.7 
69.3 
59.4 
397.5 
437.6 
415.3 
433.7 
434.8 
411.2 
451.5 
431.5 
468.5 
434.5 
427.9 
434.0 
457.6 
442.5 
466.0 
414.2 
429.2 
422.7 
386.2 
458.7 
408.5 
426.9 
390.9 
15.6 
13.7 
12.9 
16.2 
12.3 
9.6 
13.4 
10.7 
13.4 
10.1 
10.7 
11.8 
14.9 
11.3 
12.4 
13.4 
14.6 
10.8 
8.0 
10.7 
8.5 
11.2 
10.6 
39.5 
41.9 
38.1 
43.8 
36.4 
36.4 
41.9 
41.1 
41.6 
34.3 
36.2 
37.2 
37.8 
32.7 
37.1 
32.8 
36.5 
31.8 
30.0 
35.4 
29.1 
35.8 
31.5 
437.0 
479.4 
453.4 
477.5 
471.2 
447.6 
493.4 
472.6 
510.1 
468.8 
464.1 
471.2 
495.5 
475.2 
503.1 
447.0 
465.7 
454.4 
416.2 
494.1 
437.6 
462.7 
422.4 
Source: Government of India 2007a. 
Per capita food grains availability, which measures domestic absorption, has 
fallen steeply from 473.3gm, (average figure of 1990s) to only 447.9 gm per day 
average per head by the six year period ending in 2005, (2000-2005). This current 
level is the same as fifty years ago during the First Plan period, and it is also the level 
seen during 1937-41 under colonialism. This means that the food security gains of the 
four decades of protectionism up to 1991 have been totally reversed. 
4.5.2 Availability of Calories 
The average per capita availability of calories are given in table 5 and (figure, 
1) with respect to protein and fat. 
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Table: 5 Changes in Average Per Capita Intake of Calorie, Protein (Grams) and 
Fat Per Diem over Different NSS Rounds. 
NSSO rounds 
Rural 
27'Nound 1972-73 
38"'round 1983 
SO'Vound 1993-94 
55"'round 1999-2000 
61" round 2004-05 
Urban 
27"'round 1972-73 
38'" round 1983 
50"'round 1993-94 
55"'round 1999-2000 
61''round 2004-05 
Calorie (Kcal) 
2266 
2221 
2153 
2149 
2047 
2107 
2089 
2071 
2156 
2020 
Protein (grams) 
62.0 
62.0 
60.2 
59.1 
57.0 
56.0 
57.0 
57.2 
58.5 
57.0 
Fat (Grams) 
24.0 
27.0 
31.4 
36.1 
35.5 
36.0 
37.0 
42.0 
49.6 
47.5 
Source: National Sample Survey Organization, 61st Round Report no.513 
Figure 1: Per Capita per Diem Intake of Calories (in Kcal). 
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Source: National Sample Survey Organization, 61st Round Report no.513 
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Average per capita intake of calorie, protein and fat in rural and urban area is 
showing a change over the period of time, but this change is not positive rather a 
negative except in fat. In rural areas the calorie availability decreased from 2266 in 
1972-73 to 2047 in 2004-05, a decrease of 9.66 percent. In urban areas it decreased 
from 2107 in 1972-73 to 2020 in 2004-05, a decrease of 4.13 percent. The protein 
intake in rural areas decrease from 62 grams to 57 grams, a decrease of 8.06 percent 
while in urban areas it increased from 56 grams in 1972-73 to just 57 grams in 2004-
05. This increase is just negligible. The decline in calorie intake and protein intake in 
both rural and urban areas shows that the food insecurity is increasing over the period 
of time. The increase in fat availability is not a proper indicator of food security as 
such. 
4.6 Availability of Calorie Intake With Respect To Monthly Per Capita 
Expenditure Classes 
Table 6: Calorie Intake in Rural Areas under Different Monthly per Capita 
Income Classes, NSSO 61'* Round (2004-05) 
Monthly Per Capita 
Expenditure 
0-235 
235-270 
270-320 
320-365 
365-410 
410-455 
455-510 
510-580 
580-690 
690-890 
890-1155 
1155 and above 
All Classes 
Percentage of 
sample 
consumers 
3.3 
3.3 
7.1 
8.0 
8.5 
8.3 
9.7 
10.9 
12.3 
13.1 
7.7 
7.8 
100 
Per Consumer unit 
per diem intake 
1746 
1979 
2105 
2239 
2343 
2436 
2526 
2605 
2822 
2932 
3162 
3722 
2540 
Percent of intake 
of calorie from 
cereal 
81.51 
78.89 
77.02 
74.26 
72.53 
70.72 
69.11 
66.62 
63.61 
60.91 
56.64 
51.02 
67.54 
Source: National Sample Survey Organization, 61st round report no.513 
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The estimates of per capita daily intake and per consumer unit calorie intake 
for rural and urban areas obtained from the 61^' round of National Sample Survey 
Organization indicate average level of 2047 kcal and 2020 kcal in rural and urban 
areas respectively, (Table 5).The average intake daily per consumer unit is not close 
to the specified norms (2700 kcal) and there is a wide variation among the different 
expenditure groups. In rural areas, the average per diem per consumer unit remained 
below 2700 kcal for all consumer with a monthly per capita expenditure below Rs. 
580.The dependency on cereal as source of energy showed inverse relationship with 
income expenditure that means as income (expenditure) grows dependency on cereals 
as source of energy decrease (it is 81.51 percent) for lowest expenditure which 
reduces to 51.02 percent for highest expenditure class. (Table 6). 
Figure 2: Calorie Deficiency (Depth of Hunger) for Different Monthly Per 
Capita Expenditure Classes in Rural Areas. 
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The calorie deficiency or depth of hunger in absolute terms also shows an 
inverse relationship with income. It is 954 calorie in lowest per capita expenditure 
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(income) class, as income (expenditure) increases the depth of hunger decreases. It 
reaches to 95 calories in the last income class, (Figure 2). 
Urban Areas 
Table 7: Calorie Intake in Urban Areas under Different Monthly per Capita 
Income Classes, NSSO 61'' Round (2004-05). 
Monthly Per Capita 
Expenditure 
0-335 
335-395 
395-485 
485-580 
580-675 
675-790 
790-930 
930-1100 
1100-1380 
1380-1880 
1880-2540 
2540 and above 
All Classes 
Percentage of 
sample 
consumers 
7.0 
6.6 
12.4 
11.6 
9.7 
9.4 
8.5 
7.9 
8.9 
9.1 
4.9 
3.9 
100 
Per Consumer unit 
per diem intake 
1764 
1999 
2090 
2255 
2267 
2377 
2463 
2562 
2693 
2848 
3106 
3496 
2475 
Percent of intake 
of calorie from 
cereal 
74.50 
71.27 
68.29 
63.75 
62.24 
60.12 
56.79 
54.52 
51.45 
46.83 
42.38 
36.22 
56.08 
Source: National Sample Survey Organization, 61st round report no.513 
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Figure 3: Calorie Deficiency (Depth of Hunger) for Difftlrent M6nt"hTy" Pei 
Capita Expenditure Classes in urban Areas. 
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Calorie Intake in Urban Areas 
The calorie intake in urban areas also indicates similar tendencies as in rural 
areas. In case of urban areas the minimum norms of 2700 kcal is reached only for 
expenditure classes of 1100-1380, (Table 7). Here again, as income increases the 
calorie deficiency or depth of hunger reduces. It is 936 calories in lowest expenditure 
class and reaches 7 calories for highest expenditure class. This depicts that shows the 
calorie deficiency on cereals as source of energy amounts to 74.50 percent in lowest 
expenditure classes, which as expenditure reaches to 36.22 percent for expenditure 
class of 2540 and above. 
Assuming 90% of 2700 of calories as adequate norm we can reach to the 
conclusion that in rural areas those who are in expenditure class of less than Rs. 410 
per month are food insecure, similarly in urban areas those who are in expenditure 
class of less than Rs. 790 per month could be branded as food insecure. Therefore, in 
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rural and urban areas 30.2 and 56.7 percent of population could be classified as food 
insecure. 
Using these populations and applying them to population figures of 2004-05, 
(as NSSO 61^' round survey was done in 2004-05) gives an indication of numbers of 
food insecure people. The result which should be fairly accurate since the average 
level of calorie availability have not changed significantly over the past decade, show 
that as many as 407.27 million people are not meeting their minimum daily energy 
requirements. Out of this, 233.14 (57.2%) are living in rural areas and 174.13 million 
(42.8%) are located in urban areas. Thus it is justified to say that problem of food 
security in India is a rural phenomena as majority of food insecure are located in rural 
areas, moreover the majority of urban food insecure, are migrants from rural areas. 
4.7 An Alternative Estimate Of The Incidence Of Hunger In India 
4,7.1 The State of Food Insecurity in India: FAO Estimate 
The number of undernourished people in the world remains stubbornly high. 
In 2001-03, FAO estimates there were still 854 million undernourished people 
worldwide 820 million in the developing countries, 25 million in the transition 
countries and 9 million in the industrialized countries. India also accounts about 20 
percent of the world's undernourished population that is 212 million people, leaving 
behind Sub Saharan Africa and China. 
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Figure: 4 Undernourishment in India and Around the World, 2001-03 (millions) 
Asia/PacificM62 
India, 212 
Latin America 
and Caribbean, 
52 
Near East and 
:ti Africa, 38 
China, 150 
Sub Saharan 
Africa, 206 
Transition 
Countries, 25 
Industrialized 
Countries, 9 
Excluding China and India 
World 854 
Developing World 820 
Source: FAO, 2006a. 
Undernourishment and Poverty: Counting the Hungry - Trends in India 
Different methodologies are used to estimate poverty and undernourishment 
and the figures are not directly comparable. However, a closer look at trends for both 
indicators in the developing countries reveals that poverty has tended to decline more 
rapidly than undernourishment, table 8. The World Bank and FAO projections for 
these indicators suggest that this trend will continue, (FAO, 2006a). In fact, the 
differences in calculations notwithstanding, there were 1.5 poor people for every 
hungry person in 1990-92; by 2015, the corresponding figures are projected to be 1.2 
to one. 
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Table 8: Prevalence of Undernourishment 
Total Population 
(million) 
No. of 
undernourished 
People (million) 
Proportion of 
Undernourished 
in total population 
(%) 
1990-91 2001-03 1990-91 2001-03 1990-91 2001-03 
India 
South Asia 
Developing 
countries 
863.3 1049.5 
1125.3 1386.7 
4058.7 4868.9 
214.8 
290.4 
823.1 
212.0 
298.5 
820.2 
25 
26 
20 
20 
22 
17 
Source: FAO 2006a. 
India saw virtually no change in the total number of undernourished people 
despite 3.9 percent per year growth from 1990 to 2003.It was because of the fact that 
the good overall economic performance was spread unevenly among sectors and was 
not underpinned by strong agricultural growth; per capita agricultural GDP increased 
at an annual rate of only 0.9 percent from 1990 to 2003. 
Table 9: Estimates of Poverty 
Year 
1973-74 
1993-94 
1999-2000 
2004-05 
2007* 
Poverty Ratio (%) 
Rural 
56.4 
37.3 
27.1 
28.3 
21.1 
Urban 
49.0 
32.4 
23.6 
25.7 
15.1 
in India 
Combined 
54.9 
36.0 
26.1 
27.5 
19.3 
Number of Poor (in 
Rural 
261 
244 
193 
220.9 
171 
Urban 
60 
76 
67 
80.8 
50 
millions) 
Combined 
321 
320 
260 
301.7 
221 
Source: Economic Survey 2002-03, Ministry of Finance, Government of India. 
2007* Projected Figure from www.economy watch.com. 
These past trends and projections suggest that poverty reduction does not 
benefit proportionately those among the poor who are also undernourished. Although 
the reasons for the slower rate of hunger reduction are not clear, an important factor 
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may be that hunger itself acts as a barrier to escaping poverty (the hunger trap). Past 
editions of The State of Food Insecurity in the World as well as the World Food 
Summit: five years later have emphasized that hunger is not only a consequence but 
also a cause of poverty, and that it compromises the productive potential of 
individuals, families and entire nations. An important policy implication of this 
relationship would be that, in the absence of purposeful action, hunger will 
compromise efforts to reduce poverty globally. Income growth, while necessary, is 
not always sufficient for eradicating hunger. Specific measures targeted directly at 
ensuring access to food are an indispensable component of effective hunger 
eradication efforts. 
4.7.2 Food Intake and Population Growth 
FAO provides detailed information on levels of undernourishment and other 
indicators relevant to Food Security. Reducing hunger will be particularly difficult for 
countries characterized by historically very high levels of hunger prevalence, very low 
food consumption (under 2200 kcal/person/day in 1999-2001), low economic growth 
prospects, high population growth rates and a limited agricultural resource base. 
Relatively India's position is slightly better as Dietary Energy Supply was 2440 
(Kcal/person/day), table 10. Thirty-two countries fall into this category - with 
undernourishment rates ranging from 29 to 72 percent of the population and an 
average prevalence of 42 percent. Their current population of 580 million is projected 
to rise to 1.39 billion by 2050. Their current average food consumption of 2000 
kcal/person/day has actually fallen below that of 30 years ago. Despite their poor 
historical record, however, several of these countries could achieve significant gains 
by prioritizing the development of local food production, as other countries have done 
in the past. 
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Table 10: Food Availability, Poverty and Food Aid in India. 
Dietary Energy 
Supply 
(Kcal/person/day) 
1990-91 2001-03 
Poverty 
(Population below 
US$ PPP per day) 
(%). 
1990-91 2001-03 
Food Aid 
Received as a 
share of DES(%) 
1990-91 2001-03 
India 2370 2440 42 35 0 0 
Source: FAO 2006a. 
4.8 Availability of Calories in Rural and Urban States of India 
Nutritional Status of Rural States 
Table 11: Per Capita Intake of Calorie in Rural Areas by States in Different 
NSS Rounds. 
States 
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Haryana 
Karnataka 
Kerala 
Madhya Pradesh 
Maharashtra 
Orissa 
Punjab 
Rajasthan 
Tamil Nadu 
Uttar Pradesh 
West Bengal 
50*"^  
2052 
1083 
2115 
1994 
2491 
2073 
1965 
2164 
1939 
2199 
2418 
2470 
1844 
2307 
2211 
55'^ 
2021 
1915 
2121 
1986 
2455 
2028 
1982 
2062 
2012 
2119 
3381 
2425 
1826 
2327 
2095 
61^' 
1995 
2067 
2067 
1923 
2226 
1845 
2014 
1929 
1933 
2023 
2240 
2180 
1842 
2200 
2070 
Source: National Sample Survey Organization, NSSO 61^' Round Report No. 513. 
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In rural India, average calorie intake fell from 2153 calorie in 50* round of 
NSSO (1993-94) to 2047 in 61" round, NSSO (2004-05). There were however, 
exceptions to the overall trend of decline in calorie intake. Kerala and Assam were the 
only states in which the calorie intake per person increased between 1993-94 and 
2004-05 in rural areas. However Assam's per capita calorie intake declined in 1999-
2000 but again it increased in the 61^' round. Assam's performance was noteworthy 
in two respects. First, calorie intake per person improved in rural and urban areas 
between 1993-94 and 2004-05. Secondly, calorie intake per person in Assams. which 
was below the national average in 50' round, moved to a position above the national 
average in the 61'' round, (Table 11). Between (1993-94) and (1999-2000), the only 
states in which the average calorie intake person in rural areas risen, were Kerala, 
Maharashtra, Punjab, and Uttar Pradesh. In the (1999-2000) to 2004-05, the average 
calorie intake in rural areas risen in only Assam Kerala, and Tamil Nadu. If the entire 
period (i.e. 1993-93 to 2004-05) is considered, calorie intake per person in rural areas 
increased in only three states (Assam, Kerala and Tamil Nadu). The largest absolute 
increase per day was in Assam (84 calories) followed by Kerala (49 calories). 
Nutritional Status of Rural States 
In urban India too, average calorie intake fell between 1993-94 and 2004-05. 
Between 1993-94 & 1999-2000, National Sample Survey data showed a rise in 
average urban calorie intake in all states except Bihar. National Sample Survey data 
record a decrease in calorie intake between 1999-2000 and 2004-05 in the urban 
areas of larger number of states including Maharashtra, Bihar Gujarat, Punjab and 
many more. With respect to the period between 1993-94 to 2004-05 as a whole there 
is only one state whose calorie intake per person not deteriorate is Kerala. But average 
calorie intake in Kerala is below the national average, (Table 12). This shows that the 
nutritional security position in both rural and Urban India deteriorated over the period 
of time. 
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Table 12: Per Capita Intake of Calorie in Urban Areas by States in Different 
NSS Rounds. 
States 
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Haryana 
Karnataka 
Kerala 
Madhya Pradesh 
Maharashtra 
Orissa 
Punjab 
Rajasthan 
Tamil Nadu 
Uttar Pradesh 
West Bengal 
50'" 
1992 
2108 
2188 
2027 
2140 
2026 
1966 
2082 
1989 
2261 
2089 
2184 
1922 
2114 
2131 
SS*" 
2052 
2174 
2171 
2058 
2172 
2046 
1995 
2132 
2039 
2298 
2197 
2355 
2030 
2131 
2134 
6V' 
2000 
2143 
2190 
1991 
2033 
1944 
1996 
1954 
1847 
2139 
2150 
2116 
1935 
2124 
2011 
Source: National Sample Survey Organization, NSSO 61'"^°""" Report No. 513 
4.8.1 Changing Trend in Expenditure on Food and Non-Food Items 
Economic access to food can be measured by assessing the proportion of per 
capita income required to buy a unit of food. If over a period of time this proportion 
reduces, it can be assumed that access to food in economic terms has increased. Food 
is the single largest expense for most people in India, where it accounts for 59.42 
percent and 47.96 percent of total expenditure in rural and urban areas respectively, 
(NSSO 61^' Round). However the intra- differences based on income variations are 
persisting. Table 13 shows, percentage of expenditure on food items to total 
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expenditure for different MPCE classes for rural and urban areas in 50'^ 55"^  and 61^' 
round of NSS. Between 50"^ , and 61^' round the percentage expenditure on food items 
to total expenditure shows a decreasing trend for all expenditure classes. 
Table 13: Percent Expenditure on Food to Total Expenditure by Different 
Monthly Per Capita Expenditure Classes, 
MPCE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
50'Vound 
73.6 
74.1 
73.7 
73.3 
72.5 
71.4 
70.4 
63.4 
66.6 
62.9 
58.2 
43.6 
Rural 
55"" round 
67.4 
66.7 
66.0 
65.0 
64.7 
63.8 
62.8 
61.7 
60.3 
57.6 
54.7 
46.3 
61*' round 
68.5 
67.2 
66.3 
64.8 
64.0 
62.9 
61.6 
60.1 
58.0 
53.9 
49.8 
33.7 
50'Vound 
71.6 
71.5 
70.3 
68.8 
67.0 
65.2 
63.0 
60.4 
56.6 
53.1 
43.8 
34.9 
Urban 
55' round 
64.8 
63.5 
61.8 
59.9 
57.5 
56.4 
54.0 
51.8 
49.3 
45.4 
41.2 
46.5 
61"round 
64.9 
63.1 
60.0 
57.3 
55.3 
52.4 
49.7 
46.6 
44,4 
40.2 
35.6 
23.7 
Source: National Sample Survey Organization, 61st round report no.513. 
Between 50"^  round (1993-94 ) of National sample Survey to 61^' round 
(2004-05) the percentage expenditure on food items to total expenditure shows a 
decreasing trend for all expenditure classes in both rural and urban areas. In aggregate 
between SO"' round (1993-94) of National sample Survey to 6 l" round (2004-05) in 
urban areas percentage of expenditure on food items to total expenditure shows 
decreasing trend. It dropped from 34.9 percent in 1993-94 to 23.7 percent which 
shows 11.2 decrease. In rural areas percentage expenditure on food item to total 
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expenditure declined from 43.6 percent in 1993-94 to 33.7 percent in 2004-05, i.e. a 
decline of 9.9 percent, (Table 13). 
Table 14: Expenditure on Food and Non-Food Items in Urban and Rural 
Areas in Different NSS Rounds. 
Average Monthly Expenditure (Rs.) at Current Price 
Urban 
Expenditure on Food 
Expenditure on Non-Food 
Total Expenditure 
Rural 
Expenditure on Food 
Expenditure on Non-Food 
Total Expenditure 
so'" round 
250.3 
207.7 
458.0 
177.8 
103.6 
281.4 
55'" round 
410.8 
444.1 
854.9 
288.8 
197.4 
486.2 
61^  round 
447.4 
604.5 
1056.4 
307.6 
251.2 
558.8 
Percent of Expenditure on Food and Non-Food to Total Expenditure 
Urban 
Food 
Non- Food 
Rural 
Food 
Non- Food 
54.7 
45.3 
63.2 
36.0 
48.1 
51.9 
59.4 
40.6 
42.5 
57.5 
55.0 
45.0 
Source: National Sample Survey Organization, 61st round report no.508 
In rural areas the percent of expenditure on non-food increased from 36.0 
percent in 1993-94 (50'*' round of National Sample Survey to 45.0 percent in 2004-05 
(61^' round), and percent of expenditure on food decrease from 63.2 percent in 1993-
94 to 55 percent in 2004-05 i.e. a decrease of 8.2 percent. In urban areas also percent 
of expenditure on food declined from 54.7 percent in 1993-94 to 42.5 percent in 2004-
05. At the same time expenditure on non-food increased from 45.3 percent in 1993-94 
to 57.5 in 2004-05, (Table 14). 
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4.8.2 Increasing Income and Diversification of Food Habits 
When households or individuals become better off, they consume a wider 
variety of foods, a diverse diet is valid welfare indicator in its own right. The nutrition 
literatures arc placing increasing emphasis on the importance of consuming a wide 
variety of foods so as to enhance dietary quality in addition to longer standing 
concerns regarding quantities of consumption. 
There is evidence to suggest that Indians have begun to consume less food 
grains per capita by substituting non-cereals foods. This downward shift in demand 
for food grain can basically be attributed to changing consumer taste and preferences 
as a result of increasing availability of a wide variety of food items other than food 
grain, (Rao & Gulati, 1994). A document of IFPRI attributed the increase in demand 
for fruits and vegetables and animals to both income growth and shifts in taste and 
preferences, (Oshang and Haddad, 2002). 
In India, the 55"" round (1999-2000) of the NSS on household consumption 
confirms the trend of declining share of consumption expenditure on food and within 
food on food grain in particular. 
Over the period of time from 38th round i.e 1983 to 61'' round 2004-05 of the 
National Sample Survey on household consumption confirms the trend of declining 
share of consumption expenditure on food and within food grain in particular. 
Expenditure on food grain decreased from 55.3 percent in 1983 to 38.7 percent in 
2004-05 in rural areas and 38.6 percent in 1983 to 29.0 percent in 2004-05 in urban 
areas. It is important to note that share of other foods namely fruits/vegetables, milk, 
meat, eggs etc have relatively gone up. (Table 15). 
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Table: 15 Share of Expenditure on Food grains, Fruits & nuts A^egetables, 
Mik, Meat Egg and Fish in Total Food Expenditure. 
Year/NSS 
Round 
38"^  round 
43'*^  round 
50"' round 
55"' round 
61''round 
Expenditure on 
Food grain 
Rural Urban 
55.3 38.6 
47.8 32.9 
44.8 31.7 
44.1 31.9 
38.7 29.0 
Expenditure on 
FruitsA'^egetables 
Rural Urban 
9.30 11.97 
10.71 13.87 
12.31 14.86 
13.27 15.71 
14.46 15.75 
Expenditure on 
Mik, Meat Egg 
and Fish 
Rural Urban 
16.1 21.8 
18.3 23.4 
20.3 24.1 
20.3 24.6 
21.4 25.0 
Source: National Sample Survey Organization, 61st round report no.508 
There is insufficient realization that the food basket in the country has 
become considerably diversified with much greater share being occupied now by non-
food grain items such as sugar, edible oils, milk, meat, eggs, vegetables and fruits. In 
fact, these non-food grains items of food now account for over 60 per cent of 
consumer expenditure on food. Therefore, even if we are within an easy reach of 
enabling every Indian to buy enough food grains, we need to move quite a distance far 
to ensure physical as well as economic access to many of these non-food grain items 
of food, especially for the poor. Even among the poor or bottom 30 per cent of the 
population, these non-food grain items of food account for as much as half the total 
expenditure on food. Using the same yardstick as for food grains, to become food-
secure, the per capita consumption of such items by the poor has to reach the average 
level for the whole population, then the consumption of such items of food by the 
poor will have to double for reaching this desired level. Since raising the consumption 
of such items by the poor to the level enjoyed by the top 30 per cent of population ha 
to be the ultimate goal, the per capita consumption of these items by the poor has to 
increase three-fold for achieving this level, (Rao, 2006). The demand for these items 
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of food will, therefore, rise at a high rate on account of population growth as well as 
the rise in per capita income. We have, therefore, to go very far for attaining food 
security both in the sense of physical access as well as economic access, especially for 
the poor. 
89 
Chapter - 5 
Measuring India's Food 
Security Problem: A Risk 
and Vulnerability 
Approach 
Chapter 5 
5.1 Risk and Vulnerability 
Ensuring that all the world's people have enough food for a healthy and 
productive life is among the most fundamental challenge we face. Now, even though 
global food output is adequate to feed the entire world population, more than 820 
hundred million people are going hungry because they cannot afford to buy the food 
they or their family need. In India too same situation prevails. At present 212 million 
people of India or about 20 percent of the population could be branded as food 
insecure, (FAO, 2006a). The aspect which is very appalling is that even in the 21^ '^ 
century and more so after 60 years of the independence with respect to India is not 
been able to feed its population, properly. On the one hand, the country has more 
around 60 million tones of foodgrains in public stock and on the other hand around 
200 million underfed and 50 million on the brink of starvation, resulting in starvation 
deaths, (Chand and Pal, 2003). 
Food security is a concept that has evolved considerably over time and there is 
much literature on potential household food security indicator. There are 
approximately 200 definitions and 450 indicators of food security, (Hoddinott, 1999). 
Perhaps the most accepted one is World's Bank definition according to which "Food 
security exists when all people, at all times, have physical and economic access to 
sufficient, safe and nutritious food that meets their dietary needs and food preferences 
for an active and healthy life". Some definitions incorporate the concepts like 
sustainability and social and cultural acceptability in the definition of food security. 
While some others have highlighted the risk factor in their definition on food security. 
Von Braun et al; 1992 studied the factors which bring about risk to food security 
situation of a household or individual. C. P. Timmer defined food security as an 
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environment in which the lower income quintile has a near zero probability of being 
vulnerable to famine, (Timmer, 2000). 
The intensity of food insecurity existing in a country is a composite of 
interactions operating at diverse levels from the macro to micro or household level. 
The components of the system would include international trade and macro policies, 
the agriculture sector, the market economy, consumption patterns, and the micro 
economy or household incomes, urban rural differentiation, gender issues, etc. 
For India to deal with risks of people being exposed to food insecurity there is 
need to identify its worst food security problems in terms of risks and population 
exposed to them and give the highest priority to tackling them. A prerequisite for 
determining risk is defining a scale against which to measure an outcome, (Dilley and 
Boudreau, 2001). In this analysis, the outcomes are physical availability which itself 
is affected by variability in production, and economic access to food, which is under 
the effect of price rise or income failure. In this chapter with the help of production 
and availability data from Government sources, and National Sample Survey 
Organization data on households and individual expenditure an attempt has been 
made to assess the vulnerability of India's population to variability in production and 
availability and rise in food prices or reduction in income of households or 
individuals. 
5.2 Concept of Vulnerability 
Understanding the effects of food insecurity on livelihoods and self-
sufficiency in the longer term requires an analysis of vulnerability and risk. 
Vulnerability to food insecurity has two aspects, one external to the household, and 
the other internal to it, (Chambers, 1989). The external shock or stress might be 
drought, market failure, conflict or forced migration. The internal aspect of 
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vulnerability is linked with people's capacity to cope with these external shocks. 
Sen's analyses external shocks in terms of their impact on people's exchange 
entitlements. Vulnerability is not the same as poverty, although underlying poverty 
contributes to increased vulnerability in most emergencies. The effects of 
emergencies are made worse where they are superimposed on a situation of 
widespread structural poverty. Vulnerability is often related to social or political 
status. The threat may be exacerbated when the national government is reluctant to 
act, or where the international community responds slowly, or not at all. Famine 
rarely occurs where leaderships are accountable or representative. 
Vulnerability is a forward looking concept relating to the exposure and 
sensitivity to shocks and stresses and to the ability to recover from them, (Devereux, 
2002). Writers from hazards and ecology have also emphasised the internal inability 
or lack thereof to cope, recover and adapt to such stress, (Kasperson et al, 2002). 
Everyone is vulnerable to some degree, (Anderson, 1995). At face value the 
concepts of vulnerability and food insecurity seem relatively straightforward. In 
reality, how these terms are used is sometimes less than straightforward. One problem 
is that both the concepts of food insecurity and vulnerability have been used in very 
different disciplinary contexts, and in ways informed by widely varying underlying 
assumptions and theoretical frameworks, (Dilley and Boudreau, 2001). 
Food insecurity as a form of vulnerability: For some writers, for instance, food 
insecurity is very simply a particular form of vulnerability. Ellis for example, has 
argued that, "When the kind of vulnerability that is under consideration is 
vulnerability to food failure, then food insecurity is not really distinguishable from 
vulnerability as a separate concepf, (Ellis, 2003; see also Kennedy, 2002). 
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Food insecurity as an outcome of vulnerability: Other approaches on food security 
do not see the terms as indistinguishable, but rather see them as two distinct points on 
a time Hne. For instance, FAO says, "The difference between food insecure and 
vulnerable people is one of degree. Vulnerable people have a high probability of 
becoming food insecure at any time. Food insecure people are vulnerable people who 
can no longer meet their minimum food needs," (FAO, 2002). 
The key difference between these two points of view is that they are based on 
different meanings of the concept of food insecurity, (Dilley and Boudreau, 2001). 
What the FAO means by the word "food insecurity" is what Ellis describes as "food 
failure", and what others refer to as food deprivation actual lack of access to adequate 
food, perhaps resulting from a pre-existing proneness or vulnerability: 
Thus, food security refers not only to the global and national level food 
availability ('Malthusian' food security) but also to the access and entitlement of 
individuals and households to that food, (Sen, 1981) and that this has in turn been 
recognised to depend on the resilience or vulnerability of people's livelihoods. Even 
when food is available at a national level, entitlement failure may mean that particular 
households or sections of society suffer hunger or food insecurity. 
With everyone vulnerable to some degree, the task of analyst is to identify just 
how close to the edge any given group has slipped, although the edge may be 
arbitrarily determined. The scale for measuring vulnerability can be relative, with no 
minimum, no maximum, and no threshold. The analysis may be limited to judging 
from year to year, whether a specific group may have become more or less vulnerable 
that it was before due to changing exogenous circumstances. Establishing the 
circumstances under which certain group of people might be more vulnerable than 
93 
other, and why, is a subjective judgement of the analyst rather than a theoretical 
necessity. 
Specifically, vulnerability is complex, dynamic, compounding and cumulative, 
sometimes irreversible, and frequently impossible to contain, (Anderson, 1995). 
Alternatively, it may become ethereal and elusive, assessing vulnerability is like 
trying to measure something that is not there. It is an absence of security, basic needs, 
social protection, political power and coping options that define the problem, making 
the search for a visible reference point a difficult task, (Webb and Harinarayan, 1999). 
5.3 Risk Assessment 
Depending on factors such as agro-ecological characteristics, access to land, 
diversity of income sources and state of development of the economy, food insecure 
households can be members of different socio-economic and demographic groups in 
different areas. Nevertheless, some common characteristics of food insecure people 
emerge of which poverty and income constraints are central one. "The poor face the 
most severe constraints in their food production and in their access to food market, 
which renders them vulnerable to food crises", (von Braun et. al, 1992). A number of 
common socio-demographic characteristics emerged from a comparative study that 
looked at income source patterns of malnourished rural poor in 13 survey areas in 
Africa, Asia and Latin America, (von Braun and Pandya Lorch, 1991). These are: (1). 
Food insecure households tend to be larger and have a higher number of dependents 
and a younger age composition. (2) Ownership of land or access to even small pieces 
of land for farming has a substantial effect on food security of rural households, even 
when income level is controlled for the prevalence of food insecurity tends to be 
higher among landless or quasi-landless households who are much more dependent on 
riskier sources of income than farm income and on the diversification of the rural 
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economy. (3) Women's income has an important influence on the food security status 
of the household and the female controlled income is more likely to be spent on food 
and nutrition than male controlled income. (4) The relationship between income 
diversification and malnutrition is different to generalize the relationship is context 
and location specific and is a result of household coping strategies. A typology of 
food insecure households needs always to be aware of this context and location 
specificity, (Haddad, Sullivan and Kennedy, 1991). 
Different types of risks affect different groups of food insecure households 
and individuals. Box 1. summarizes the different types of risks, their sources, and 
affected people. 
Box.l Sources of Risks of Food Insecurity and Affected Population. 
Risk 
Crop production risk, 
(Pest, drought and 
others). 
Agricultural trade risks 
(Disruption of exports 
or imports). 
Food Price risks 
(large, sudden price 
rise) 
Employment risks. 
Health risks. 
Political and policy 
failure risks 
Demographic risks 
(Individual risk 
affecting large 
groups). 
Households and people at Risk of Food Insecurity 
Small holders with little income diversification and limited 
access to improve technology such as improved seeds, 
fertilizers, irrigation and pest control. Landless farm 
laborers. 
Small holders who are highly specialized in an export crop. 
Small scale pastoralists. Poor households that are highly 
dependent on imported food. Urban poor. 
Poor, net food purchasing house holds 
Wage earning households and informal sector employees 
(that is, in peri-urban areas and when there is a sudden 
crop production failure, in rural areas) 
Entire communities, but especially households that cannot 
afford preventive or curative and vulnerable members of 
these households. 
Household in west zones and areas of civil unrest 
Households in low potential areas that are not connected to 
growth centres via infrastructure. 
Women, especially when they have no access to education. 
Female- headed household. Children at weaning age. Aged 
people. 
Source: von Braun et al, 1992. 
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5.3.1 Risk of Entitlement Failure 
Generally, food insecure people spend a larger share of their income on staple 
food consumption or allocate a larger share of their production resources to 
subsistence food production in normal years or both. Yet they barely meet their 
needed level of dietary intake. To assess risk of entitlement failure or susceptibility to 
food insecurity the best way is to calculate the ratio of expenditure on non-food items 
to the expenditure on food items, hi fact, the non-food expenditures, are acting as 
buffer. 
If a group of people fails to establish their entitlement over an adequate 
amount of food for a set of alternative commodity bundles that can be acquired 
through the use of various legal channels of acquirement open to that person, then that 
group of people comes under the category of risk. In a private ownership market 
economy the entitlement set of a person is determined by his original ownership 
bundles that the person can acquire, starting with each initial endowment, through the 
use of trade and production (what is called exchange entitlement). A person has to 
starve if his entitlement set does not include any commodity bundle with an adequate 
amount of food. A person can be reduced to starvation if some economic change 
makes it no longer possible for her to acquire any commodity bundle with enough 
food to survive. This entitlement failure can happen either because of a fall in her 
endowment (e.g. Alienation of land, or loss of labor power due to ill health) or 
because of an unfavorable shift in her exchange entitlement, (e.g. Loss of 
employment, fall in wages, rise in food prices, drop in the price of goods and service 
she sells, decline in self employed production, (Dreze and Sen, 1988). 
To assess risk of entitlement failure or susceptibility of food insecurity the best 
way is to calculate the ratio of expenditure on non-food items to the expenditures on 
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food items. Infact the non-food expenditures are acting as buffer this means when 
there is a rise in food prices or decline in income of households or individuals the 
expenditure on non-food items can be diverted to food expenditure and protect person 
food entitlement. Rich people have little to fear from hunger, this is a simple 
consequence of Engel's Law. Consumers have a substantial buffer of non-food 
expenditure to rely on even if food prices rise sharply. Without the buffer of Engel's 
Law poor consumers are exposed to routine hunger and vulnerability to shocks that 
set off famine. 
The risks of food insecurity has been classified into five different levels as, 
Very High Risk: Ratio of non-food expenditure to food expenditure is between 0-
25%, that means individual or household can tolerate up to 25% increase in food 
prices or fall in his or her rural income without using a severe coping strategy as 
he/she can divert expenditure on non-food items which are 0-25 percent of 
expenditure on food items to food expenditure. As this ratio is very small the 
household /individual can be branded at a very risk as far as food security is concern. 
High Risk: Household/individual can tolerate 25-50 percent rise in prices of food 
items without using a severe coping strategy as he/she has the non-food/food 
expenditure ratio of 25-50 percent. 
Risk: Household /Individual can tolerate 50-75 percent rise in prices of food items 
without using a severe coping strategy as he/she has the non-food / food expenditure 
of 50-75 percent. 
Moderate Risk: Household/Individual can bear 75-100 percent rise in prices of food 
items without using a severe coping strategy as he/she has the non-food /food 
expenditure ratio of 75-100 percent. 
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No Risk: Consumer in this category can tolerate increase in food prices of 100 
percent and above as the ratio of non-food to food expenditure for them is above 100 
percent which means consumers can stand even a situation when food prices are 
increased more than double. 
Risk Assessment of Food Security in Rural and Urban Areas. 
People living under different levels of risk are depicted in tables given below. 
Table 1: Food Security Risk Assessment in Rural Areas. 
NSS Round~ Very High Risk High Risk Risk Moderate^Risk ^^[ollisir~ 
55* round + 
56"^  round + 
57"' round + 
58'%ound + 
59"' round + 
eo"' round + 
61"round + 
Source: Author's calculation from different NSS rounds. 
Table 2: Food Security Risk Assessment in Urban Areas. 
NSS Round Very High Risk High Risk Risk Moderate Risk No Risk 
55"' round + 
56"' round + 
57"' round + 
58"' round + 
59"' round + 
60"' round + 
61''round + 
Source: Author's calculation from different NSS rounds. 
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-th 55'" Round-July 1999-Dec 1999 
57"^  Round - July 2001 - July 2002 
59"" Round - January - Dec 2003 
61'' Round - July 2004- June 2005 
56"" Round - July 2000 - July 2001 
>th 58'" Round - July 2002- Dec 2002 
60"^  Round - January 2004-June 2004 
If we analyze the above tables (1 and 2), we find that there is some 
improvement over the period of time from the 55' round to 61^' round in risk 
assessment. In rural areas people come from risk level to moderate risk level and in 
urban areas all the population is at zero risk level. But using aggregate data may lead 
to misinterpretation, as they may paint a better picture as far as risk of entitlement 
failure is concerned. To overcome this problem the ratio of non-food to food 
expenditure for different Monthly per Capita Expenditure Classes for rural and urban 
areas calculated separately and then each monthly expenditure class, classified in its 
respected risk level. 
Table 3: Ratio of Non-Food to Food Expenditure for Different MPCE classes in 
Rural Areas. 
MPCE 
0-235 
235-270 
270-320 
320-365 
365-410 
410-455 
455-510 
510-580 
580-690 
690-890 
890-1155 
1155 and above 
All classes 
Expenditure on 
food 
136.58 
170.45 
196.81 
221.81 
248.10 
271.93 
296.67 
326.57 
365.74 
417.90 
498.01 
659.13 
307.60 
Expenditure on 
non-food 
62.95 
83.35 
99.82 
120.59 
139.62 
160.14 
184.88 
216.68 
264.66 
357.09 
501.93 
1297.45 
251.19 
Ratio of non-food to 
food expenditure 
46.09 
48.90 
50.72 
54.37 
56.68 
58.89 
62.32 
66.35 
72.36 
85.45 
100.79 
196.84 
81.66 
Source: National Sample Survey Organization Report no.508 
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Table 4: Ratio of Non-Food to Food Expenditure for Different MPCE classes in 
Urban Areas. 
MPCE 
0-335 
335-395 
395-485 
485-580 
580-675 
675-790 
790-930 
930-1100 
1100-1380 
1380-1880 
1880-2540 
2540 &above 
All classes 
Expenditure on 
food 
176.37 
233.54 
259.36 
301.54 
332.42 
377.06 
427.40 
475.60 
516.35 
618.70 
723.21 
959.02 
423.24 
Expenditure on 
non-food 
91.10 
132.89 
186.15 
235.60 
295.37 
352.45 
427.89 
541.02 
708.67 
978.14 
1431.18 
3744.21 
595.31 
Ratio of non-food to 
food expenditure 
51.65 
56.90 
71.77 
78.13 
88.85 
93.47 
100.11 
113.75 
137.75 
158.09 
197.90 
390.42 
140.65 
Source: National Sample Survey Organization Report no.508 
The above table specifies that as the income increases or expenditure level 
increases, the ratio of non-food to food expenditure increases. We also observe that 
expenditure of both food and non-food are showing increasing trend, but as income 
increases expenditure on non-food items increases at faster rate than increase in food 
expenditure in both rural and urban areas. 
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Table 5: Risk level of Different Monthly Per Capita Expenditure classes in Rural 
Areas, NSS 60th Round 
MPCE 
0-225 
225-255 
255-300 
300-340 
340-380 
380-420 
420-470 
470-525 
525-615 
615-775 
775-950 
950 & more 
Very 
High risk 
High 
risk 
Risk 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Moderate 
risk 
No 
risk 
+ 
% of consumers 
in each MPCE 
1.7 
1.7 
4.9 
6.7 
7.4 
8.1 
10.1 
10.8 
13.4 
14.5 
9.1 
11.7 
Source: National Sample Survey Organization. 60th Round (January-June 2004). 
Report No. 505(60/1.0/1). 
Table 6: Risk level of Different Monthly Per Capita Expenditure classes in 
Urban Areas, NSS 60th Round 
MPCE 
0-300 
300-350 
350-425 
425-500 
500-575 
575-665 
665-775 
775-915 
915-1120 
1120-1500 
1500-1925 
1925 & above 
Very 
High 
risk 
High 
risk 
Risk 
+ 
+ 
+ 
Moderate 
risk 
+ 
+ 
+ 
+ 
+ 
No 
risk 
+ 
+ 
+ 
+ 
% of consumers 
in each MPCE 
2.0 
3.0 
6.4 
6.9 
9.1 
8.5 
11.7 
10.3 
10.3 
12.3 
7.0 
10.6 
Source: National Sample Survey Organization. 60th Round (January-June 2004). 
Report No. 505. 
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Table 6 indicates that 11.4 percent of urban consumers are at risk of losing 
their entitlement, 36.2 percent are at moderate risk and 52.5 percent are risk free 
consumers. 
In rural areas, the situation is quite different around 88.3 percent of the rural 
population are at risk of losing their food entitlement, 11.7 percent of people who 
could be branded at risk free consumers because they have enough buffer (in form of 
non-food expenditure) that would help them to maintain same level of food 
consumption if prices of their food basket increases by more than 100 percent. If we 
compare it with 55' round statistics, there is some improvement in food entitlement, 
where the number of persons who were at no risk level increased from 5 percent in 
1999 to 11.7 percent in 2004. 
4.3.2 Variability in Food Production 
Table 7: Coefficient of variation in Area, Productivity and Yield of major food 
grains in India. 
Crop 
Rice 
Wheat 
Coarse Cereal 
Total Cereal 
Pulses 
Total Foodgrain 
Rice 
Wheat 
Coarse Cereal 
Total Cereal 
Pulses 
Total Foodgrain 
Rice 
Wheat 
Coarse Cereal 
Total Cereal 
Pulses 
Total Foodgrain 
1970s 
3.20 
8.26 
3.85 
2.20 
4.46 
2.52 
8.70 
8.09 
9.32 
8.52 
9.78 
8.04 
11.55 
15.68 
9.49 
10.51 
12.25 
10.24 
1980s 
Area 
3.06 
3.29 
4.72 
2.25 
3.69 
2.36 
Yield 
11.00 
9.89 
10.96 
10.28 
6.90 
9.87 
Production 
13.35 
11.79 
10.36 
10.46 
8.61 
10.17 
1900s 
2.42 
5.48 
6.87 
1.25 
4.07 
1.51 
4.70 
6.33 
9.61 
6.76 
6.91 
6.89 
6.77 
11.16 
9.27 
7.17 
6.92 
6.94 
2000-06 
3.51 
2.08 
4.50 
2.88 
5.70 
2.87 
7.00 
2.52 
8.63 
4.84 
6.25 
4.63 
9.10 
3.64 
11.75 
7.12 
11.56 
7.25 
Source: Author's calculation from RBI statistics on Agriculture, 2006-07. 
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The coefficient of variation in area, yield and production of food grains in 
India during the 1970s, 1980s, 1990s and 2000-06 indicate that variability in total 
food grain production has increased during the 1980s over the 1970s but between the 
1980s and 1990s there has been a decline in the variability. Although there is some 
improvement in variability of production but this change is very minor or we can say 
negligible. During 2000-06 the variability of area increased but does not result in 
increased variability of production because of decrease in variability of yield. The 
declining variability in food grain yield during 2000-06 has been uniformly 
experienced by all crops excluding rice and in all these crops yield variability has 
decline over 1990s. The increased variability in production of pulses during 2000-06 
can be attributed to increased variability in area of pulses, (Table 7). 
5.4 Dealing with Risk 
The risk of entitlement failure can originate from different sources and 
effectiveness of actions in dealing with risk in the short-run and long ~ run can vary. 
FAO's 'twin-track approach' for fighting hunger combines sustainable agricultural 
and rural development with targeted programmes for enhancing direct access to food 
for the most needy. The first track addresses recovery measures for establishing 
resilient food systems. Factors that affect food system resilience include the structure 
of the food economy as a whole, as well as its components such as agricultural 
production, technology, the diversification of food processing, markets and 
consumption. Track 2 assesses the options for providing support to vulnerable groups. 
Vulnerability analysis offers a forward looking way of understanding food security 
dynamics, calling for explicit attention to risk and the options for managing it. Both 
tracks are intended to be mutually reinforcing, and the positive interaction between 
them should reinforce the path to recovery, (Pingali & Sutton, 2005). For example, 
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managing risks goes beyond assisting those affected by a particular shock in 
addressing their immediate food needs. 
Box 2: 'Twin-Track Approach' For Fighting Hunger Combines Sustainable 
Agricultural and Rural Development with Targeted Programmes for 
Enhancing Direct Access to Food for the Most Needy. 
Twin Track 
Rural Development 
Productivity 
Enhancement 
Direct & 
Immediate Access 
to food 
Availability 
Enhancing food 
supply to the most 
vulnerable. 
Improving rural 
food production 
especially by small 
scale formers. 
Investing in rural 
infrastructure. 
Investing in rural 
markets. 
Rcvitalization of 
Livestock sector. 
Resources 
rehabilitation & 
conservation. 
Enhancing income 
& other entitlement 
of food. 
Food Aid Seed/ 
Input per looking 
livestock capital 
enabling market 
revival. 
Assess & 
Utilization 
Re-estabilising 
rural Institution. 
Ensuring assess to 
land. 
Reviving rural 
financial system 
strengthing labour 
market. 
Strengthing labour 
market. 
Mechanism to 
ensure safe food. 
Social 
Rehabilitation 
programs. 
Transfer Food/ 
Cash Asset 
redistribution 
Social 
Rehabilitation 
program. Nutrition 
intervention 
program 
Stability 
Diversifying & 
employment 
Monitoring Food 
Security & 
Vulnerability. 
Dealing with 
structural causes of 
food insecurity. 
Reintegration 
refuge & displaced 
people. 
Developing risk 
analysis & 
management. 
Reviving access to 
credit system & 
saving mechanism. 
Re-establising 
social safety risk. 
Monitoring 
immediate 
vulnerability & 
intervention 
impact. Peace 
building efforts. 
Source: FAO, 2006(b). 
5.5 Policies and Programs in India for Addressing Risk and Vulnerability 
National food availability does not mean that individuals are free from hunger. 
According to Amartya Sen's entitlement theory of famine, (1981), famines occur not 
because there is not enough food but because people do not have access to enough 
food. The policies and programmes for achieving food security at household and 
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individual level must be based on the severity of the household or individual food 
insecurity. While household food security is influenced by both physical and 
economic access, food security of individual members of the household is influenced 
by intra household allocation of food. 
Since the majority of poor live in the rural areas and most of them are small 
farmers or landless agricultural laborers the policies pursued in relation to agricultural 
growth and rural development have a high significance. While employment effects on 
technological change in agriculture are often a function of nature of technology and 
the local labor market condition, it is possible to visualize that increased production 
creates demand for additional labor both in the farm and non-farm sectors, partly 
through multiplier effects of agricultural growth (Mellor, 1986). Macro policies have 
both short-run and long-run effects on food security of the poor through its 
implication for employment, income and prices. Apart from the macro economic 
policies in general and in particular the agricultural policies and poverty alleviation 
programmes, a number of direct interventions such as public distribution system of 
food grains and feeding programmes are relevant in the context of achieving 
household food security. 
The policy framework being thought for food grain has to take into account 
the need for diversifying agricultural production to meet the emerging needs as well 
as for ensuring the necessary purchasing power to the poor through the generation of 
employment opportunities. Diversification of agriculture into non-cereals products 
will itself raise employment and purchasing power for the poor to a considerable 
extent. This is because the potential for employment generation in dairying, 
horticulture etc, is much greater than cereals. Vyas (1986) has pointed out that the 
diversification of rural economy is the major challenge. He asserts that without the 
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conscious decisions to encourage non-farm activities, the large bulk of the rural 
people cannot be provided with opportunities for gainful employment and income and 
access to food." 
The growth rate of food grain production required to ensure physical access to 
the levels needed to raise the consumption level of the undernourished Indian 
households to satisfy nutritional levels, by 2105 appear to be modest. However, it is 
conditioned by two important considerations. 
1. That the declining trend in the population growth rate should be maintained and 
2. The declining growth rate in the production of food grains experienced during 
the 1990s should be reversed. 
In the absence of appropriate measures to encourage non-farm activities, a 
large segment of the rural population cannot be provided with opportunities for 
gainful employment and economic access to food. Further future food security 
programmes should have a broad objective of increased agricultural production and 
enhanced access to food through a participatory approach of local people with 
emphasis on resources efficiency, social equity and preservation of the environment, 
(George, 1999). Economic access to food for the poor could be achieved through a 
mix of employment and income policies for the farm and non-farm sectors and 
through a minimum safety net. Since labor household account for a large proportion 
of the food- insecure population, increases employment opportunities will make 
substantial contributions towards expanding the economic access to this group. 
Apart from these a range of options are available for addressing longer term 
food security through sustainable agricultural and rural development aimed at 
preventing or mitigating risk and these are: (1) Ensuring that food security objectives 
are incorporated into national poverty reduction strategies which consider impacts at 
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the national, sub-national, household and individual levels and have a particular 
emphasis on reducing hunger and extreme poverty. (2) Promoting environmentally 
and socially sustainable agricultural development as a cornerstone for economic 
growth. (3) Looking beyond farming to include off farm income opportunities. (4) 
Promoting not only productivity growth, but also resource access, land tenure, returns 
to labor and education, (5) Addressing the unique factors behind increasing urban 
poverty and improving food security in terms of availability and access, market 
development, management of natural resources and access to basic services. (6) 
Taking into account national and international policies and issues that affect 
implementation and impact. These include public sector reform and decentralization, 
peace and security, trade and macroeconomic policy reforms. (7) Encouraging the 
participation of all stakeholders in the dialogue leading up to the elaboration of the 
national strategies to ensure a broad consensus on issues, goals and solutions. 
A strategy to provide people at risk free situation with reference to food security 
boils down on the strategy of shared growth. Shared growth means growth that 
benefits everyone, that lifts all boats, including that of sections of society. To reduce 
food insecurity and consequently risk of entitlement failure, the economy manager in 
India must worry not only about growth itself but also the pattern of growth and must 
aim at shared growth. 
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Chapter - 6 
Indian Agriculture: 
Current Scenario and 
Future Challenges 
Chapter 6 
6.1 Indian Agriculture 
Indian agriculture has come a long way since the inception of planning in 
1951. All along there was an almost obsessive concern of development policy with 
the attainment of self sufficiency in food. We faced nightmare of absolute shortage of 
food grains supplies in the 1960s, when the average annual imports of wheat hovered 
around three million tones. We survived through this phase because of the 
munificence of the US, which supplied wheat to us under its PL 480 programme. This 
donor-donee relationship was far from flattering, as revealed in the following 
quotation, reproduced by M.L Dantwala, from the book Famine 1975! by Paddock 
Brothers, reflecting the perception of the US: "American will have to apply classical 
medical 'triage' method. Like doctors in the battlefield trying to make the best out of 
minimum resources, she will have to decide which countries to save and which to 
sacrifice... Today India absorbs like a blotter 25 percent of the entire American wheat 
crop. No matter how one may adjust present statistics and allow for future increases in 
the American wheat crop... it will be beyond the resources of the US to keep famine 
out of India during the 1970s. Of all national leaderships, the Indian comes close to 
being the most childish and inefficient and perversely determined to cut the country's 
economic throat." The moral: If other more deserving countries are to be saved, India 
must be sacrificed.' At the time of our gaining independence, the first Prime Minister 
Jawaharlal Nehru Said, "everything else can wait, but not agriculture." There have 
been several policy statements for agriculture during the last sixty years. Thanks to 
the Green Revolution, India attained self-sufficiency in food grains in the 1970s and 
' "Preface" to the Proceedings of the International Seminar on "Comparative Experience of 
Agricultural Development in Developing Countries of Asia and the South East since the Second 
World war" by M. L. Dantwala, Indian Society of Agricultural Economics 1972. 
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what is more, has emerged as an exporter of food grains in more recent years. 
Attainment of food self-sufficiency, even in a technical sense, is admittedly an 
important landmark in the history of growth of Indian agriculture, but this has not 
meant the dilution of problems facing Indian agriculture. Problems of agricultural 
growth and rural development in general continue to remain, in the new millennium, 
as daunting as they were in the 1950s. One major difference is that agricultural sector 
today faces a host of what we might call second generation problems on which we 
would seek to focus. 
6.2 Development of Indian Agriculture 
The Post Independence development of Indian agriculture can be broadly 
grouped in four phases. The first phase (1947-64) was the Nehruvian era where the 
major emphasis was on the development of infrastructure for scientific agriculture and 
large expansion of area under irrigation. During this period, the population started 
increasing by over 3 percent a year as a result of both the steps taken to strengthen 
public health care systems and advances in preventive and curative medicine. The 
growth in food production was inadequate to meet the consumption needs of the 
growing population, and food imports became essential. Such food imports, largely 
under the PL-480 programme of the United States, touched a peak of 10 million tones 
in 1966, (Swaminathan, 2007). In this period, there was an interesting debate between 
structuralist' school, i.e. those believing in drastic changes in land relations as a pre-
requisite for effecting a breakthrough in agriculture and those who thought, based on 
the evidence of high output response to irrigation and new technology, that high 
agricultural grow1;h was possible through input intensification, despite the smallness 
of farm size and prevalence of tenancy. It became clear that the potential for 
agricultural growth from the investments made in irrigation, and from the autonomous 
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factors, e.g., the expansion of area under cultivation, intensives created by the 
implementation of land reforms like the abolition of intermediaries and the rise of 
agricultural classes to political power were nearly exhausted, and that further 
growth of agriculture depended crucially on the expansion of agricultural 
infrastructure and the application of new technology to raise farm productivity and 
profitability. The large imports of food grains in the wake of two-successive droughts 
in mid-sixties, and the unacceptably high political costs that it entailed, pushed the 
government towards a bold strategy for achieving self-sufficiency in food grains 
through the green revolution by stepping up investments in irrigation, evolving and 
applying high-yielding varieties of seeds and intensifying the use of inputs like 
fertilizers. The results of the adoption of the High Yielding Variety (HYV) 
programme were quick and substancial. Foodgrains production which had hovered 
around 50-60 million tons per year since 1950-51 started increasing at a fast rate. In 
second phase (1965-1985), India underwent a radical change in production of 
foodgrains from the mid 6Gs onwards, consequently, "in 1968, several thousand year 
old barrier in the yield of wheat was broken and India achieved a wheat production of 
17 million tons. An American scientist Dr. William Gadd called the dramatic 
breakthrough the "Green Revolution". The main achievement was in the area of 
wheat production and therefore many economists called it wheat revolution instead of 
green revolution. The advent of Green Revolution was at a time when the availability 
of additional land had more or less reached its limits, the agricultural scenario 
changed from one of the land reclamation to one heavy dependent on modern inputs. 
The introduction and rapid spread of high yielding rice and wheat varieties resulted in 
steady output growth for food grains. Production which was 72 million tons in 1965-
66, rose to 195 million tons in 2000-01. Imports which average 6 million tones per 
year from the mid 1960s to mid 1970s have been negligible in recent years, and in the 
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last decade India emerged as a marginal exporter of wheat and rice. Public investment 
in irrigation and other rural infrastructure, research and extension together with 
improved crop production practices has significantly helped to expand production and 
stock to food grains. This increase in food grains production has helped the country to 
achieve considerable degree of self-sufficiency in terms of food requirements and tide 
over recurring food shortages reminiscent of the 1960s and 1970s. The third Phase 
(1985-2000) was characterized by greater emphasis on the production of pulses and 
oilseeds as well as of vegetables, fruits, and milk. This period ended with large grain 
reserves with the government, with the media highlighting the co-existence of "Grain 
Mountains and hungry millions", (Swaminathan, 2007). 
2001 to the Present Day 
In fourth phase, further increase in food grains production became difficult. 
According to Government of India's Economic Survey, 1999-2000, "There are limits 
to increasing production through area expansion as the country has almost reached a 
plateau in so far as cultivable land is concerned. Hence the emphasis has to be on 
increasing productivity levels. The area under food grains has more or less remained 
constant at around 125 million hectares since 1970-71, (Government of India, 2000). 
The agricultural decline is taking place at a time when international prices of major 
food grains are going up steeply, partly owing to the use of grain for ethanol 
production. Land for food versus fuel is becoming a major issue. For example, the 
export price of wheat has risen from $197 a tons in 2005 to $263 a tons in 2007. 
Maize price has gone up from about $100 a tons in 2005 to $166 a tons now. 
International trade is also becoming free but not fair. There is also possibility of 
adverse changes in rainfall, temperature, and the sea level as a result of global 
warming. Compounding these problems there is every likelihood of our going back to 
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the pre-independence situation of recurrent famines.The grain mountains have 
disappeared and we are today in the era of diminishing grain reserves, escalating 
prices, and persistence of widespread under-nutrition, (Swaminathan, 2007). While 
the government rejoices over a record food grain production there are doubts about 
the country's ability to produce enough to meet demand by 2020 if agricultural 
production does not remain above the population growth rate. In India there is a need 
to double annual food grain production from the present 210 million tones to 420 
million tones within the next ten years i.e. by 2015 which is also a benchmark year for 
achieving the United Nations Millennium Development goals. This calls for 
producing at least 160 million tones of rice from 40 million hectares and 100 million 
tones of wheat from 25 million hectare. Pulses, oil seeds maize and millets will have 
to contribute 160 million tones, (Swaminathan, 2006). Our agriculture is at the 
crossroads economically, ecologically, technologically, socially and nutritionally. A 
"business as usual approach" in the farm sector now will lead to an unprecedented 
human calamity, the beginnings of which we are now witnessing in the form of 
suicides by farmers in several parts of the country, including the Punjab which is the 
heartland of intensive agriculture, (Government of India, 2004). 
Features of Existing Agricultural Policies 
The existing policy framework for agriculture is the outcome of many years of 
experimentation. The evolution of policy and current policy framework can easily be 
discerned from the changes in objectives. The strategic objectives of agricultural 
development in India and changes there on can be identified as follows: 
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Box 1: Objective of Agriculture Development Policy in India 
Period 
Before independence upto mid 60s 
Mid 60s to early 80s, 
Early 80s to early 90s, 
Since early 90s, 
Strategic Objective 
To keep prices of foodgrains low. 
Maximising production of foodgrains 
Evolving production pattern according to 
demand pattern. 
Slow opening up of trade in agricultural 
commodities. 
Source: Acharya . 2000. 
Several policy instruments for achieving the above set of objectives has been 
tried and used in India. The instruments, which are currently in use, include the 
following. 
1. Fixation and announcement of minimum support prices for 24 commodities 
before sowing and maturing, arrangements for purchases of farm produce at 
these prices in case market price dip below these levels, 
2. Selective intervention in the market for some commodities under market 
intervention scheme of Government of India. 
some 3. Open market operation by public agencies and cooperatives for 
commodities like raw cotton, oil seeds and copra, 
4. Buffer stocking of food grains specially wheat and rice. 
5. Public distribution of certain commodities like wheat and rice at subsidized 
price. 
6. Levy of rice mills and sugar factories and distribution of levy sugar at 
subsidized prices. 
7. Imposition of stock limits on traders and processors. 
8. Regulations of marketing practices in agriculture produce markets. 
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9. Preserving quality and grade standard of agriculture produce markets. 
10. Creation of infrastructure facilities for improving marketing such as market 
yards and sub-yards in primary produce markets roads, communication facilities 
and dissemination of market infrastructure. 
11. Encouraging cooperatives in agricultural development and marketing. 
12. Regulation of exports and imports. 
6.3 Availability of Land for Agriculture 
Table 1: Declining Per Capita Availability of Land (Land-man ratio). 
Year 
1951 
1981 
2000 
Total geogi raphical area 
(million hectare) 
329 
329 
329 
2007(estimated) 329 
Total Population 
(million) 
361 
685 
986 
1096 
Col 2/Col 3 
0.92 
0.43 
0.33 
0.36 
Source: 1. Government of India, Planning Commission, Seventh Five Year Plan 
(1985-90), Vol 1 para 2.20. 
2. Government of India, Planning Commission, Eighth Five Year plan 
(1992-97) Vol. 1 page 33. 
The availability of land is expected to emerge as a major constraint on 
agricultural growth. Due to increasing demand of land for housing, rising level of 
urbanization and industrialization, increasingly larger quantity of agricultural land is 
being shifted to non-agricultural uses. In the past such loss of agricultural land was 
being compensated by converting forest land into agricultural land. Given that the net 
sown area cannot, and indeed should not, be increased further, the availability of land 
can be augmented only through increasing cropping intensity. Enhancing cropping 
intensity will not only require expansion of irrigation facilities, but also higher 
efficiency of the irrigation system. At present the ultimate irrigation potential is 
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estimated to be 113 million hectares. With this irrigation potential and the current 
cropping intensity coefficient with respect to irrigation, the cropping intensity can go 
up to 149 million hectares as against the current level of 134.20 million hectares. 
However, this will not be sufficient. Concerted efforts have to be made to increase the 
cropping intensity coefficient with respect to irrigation through water conservation 
measures and more efficient and judicious use of existing irrigation facilities, (Prasad, 
2006). 
6.4 Past Growth and Future Problems 
India's food, nutritional, livelihood and economic security continues to be 
predicated upon the agriculture sector and the situation is not likely to change in the 
near future. Even now, nearly 72% of our population lives in rural areas and about 
60% of people are engaged in agriculture for their livelihood either directly or 
indirectly especially in rural areas, where poverty is more pronounced, (Rai, 2006). 
Increased productivity in agricultural sector contributes to poverty alleviation, 
employment generation and achievement of higher rates of economic growth. Hence 
improving the productive capacity of agriculture has been an important development 
strategy since Independence. Agriculture, which accounted for more than 30 per cent 
of total GDP in the beginning of reforms failed to maintain its pre-reform growth or 
keep pace with growth in the non-agricultural sector. On the contrary, it witnessed a 
sharp deceleration in growth after the mid 1990s.The contribution of agriculture and 
allied sector to the GDP has fallen from 61 to 21% in the last 50 years, (Chand, 2005). 
The poor performance of agriculture against the background of an impressive growth 
of the overall economy is having serious implications. The slow growth of agriculture 
would not have caused an increase in disparities, if there was a commensurate decline 
in population dependent on agriculture. But this is not happening and the population 
dependent on agriculture is increasing. As more than 60 per cent of the workforce and 
about same proportion of the total population of the country depends on agriculture 
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for income and livelihood, slow growth in agriculture is putting them in distress. 
Right from the Ninth Five-Year Plan (1996-97 to 2001-02) onwards, India has been 
targeting a more than 4 per cent growth rate in Indian agriculture, but the actual 
growth rate has not turned out to be even half of this target. Using the new base 
(1999-2000) of National Accounts Statistics, for which some of the data is available, 
annual growth rate in nonagricultural GDP after 2000-01, is 7.6 percent, whereas the 
growth rate in agriculture is hardly 2 percent,(Chand et, al. 2007). The share of 
agriculture in GDP has declined from 3.29% in 1980-81 to 1989-90 to 1.65 percent in 
1996-97 to 2004-05, (Table 2). Per capita availability of resources is about 4 to 6 
times less as compared to the world average. Foreseeably, this will further decrease 
due to increasing demographic pressure and consequent land diversion for non-
agricultural use, if by matching improvement, eroded and degraded land are not 
additionally brought to cultivation, ( Rai, 2006). 
Table: 2 Growth Rates of GDP Agriculture and Non-Agriculture Before and 
After Reforms 
Period 
1980-81 to 1989-90* 
1990-91 to 1996-97* 
1996-97 to 2004-05* 
2000-01 to 2005-06** 
GDP Total 
and Allied 
5.52 
6.01 
5.72 
6.34 
GDP 
Agriculture 
3.12 
3.64 
1.66 
1.97 
GDP 
Agriculture 
3.29 
3.69 
1.65 
-
GDP Non-
Agriculture 
6.88 
7.04 
7.06 
7.65 
Notes: * At 1993-94 prices; ** At 1999-2000 prices. 
Source: National Accounts Statistics, Various Issues, Central Statistical 
Organisation, Government of India, New Delhi. 
Table 3 shows growth rate of different sub-sectors of agriculture. We find that 
growth rate of crop and cereals declined drastically over the period of time. In 1980-
81 to 1989-90 the growth rate of crop sector was 2.71 percent which declined to 0.79 
percent in 1996-97 to 2004-05. Growth rate of cereals also declined from 3.15 percent 
in 1980-81 to 1989-90 the growth to 0.02 percent in 1996-97 to 2004-05. 
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Table 3: Growth Rate in Output of Various Sub-sectors of Agriculture at 1993-
94 Prices. 
Period 
1980-81 to 1989-90 
1990-91 to 1996-97 
1996-97 to 2004-05 
Crop sector 
2.71 
3.22 
0.79 
Livestock 
4.84 
4.12 
3.67 
Cereals 
3.15 
2.23 
0.02 
Fruits and 
Vegetables 
2.42 
5.92 
3.28 
Source: National Accounts Statistics, (Various Issues). 
6.5 Trends in Food grains Production: 1950-51 to 2005-06 
Total food grains production in the country crossed the 200 million mark for 
the first time in 1998-99 when it rose to 203.61 million tones. It rose further to 209.80 
million tones in 1999- 2000 but declined steeply to 196.81 million tones in 2000-01, 
before it reached a high level of 212.85 million tones in 2001-02. However, the severe 
drought that affected several parts of the country in 2002 pulled down the total food 
grains production in the country to 174.77 million tones in 2002-03. Favorable rainfall 
from the south-west monsoon boosted total food grains production to a record level of 
213.19 million tones in 2003-04. However, in 2004-05 deficient rainfall caused a 
significant decline in food grains production to 198.36 million tones. In 2005-06 the 
production of total food grains rose to 208.30 million tones, (Table 4). 
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Table 4: Production of Food grains in India from 1950-51 to 2005-06. 
Year 
1950-51 
1951-52 
1952-53 
1953-54 
1954-55 
1955-56 
1956-57 
1957-58 
1958-59 
1959-60 
1960-61 
1961-62 
1962-63 
1962-64 
1964-65 
1965-66 
1966-67 
1967-68 
1968-69 
1969-70 
1970-71 
1971-72 
1972-73 
1973-74 
1974-75 
1975-76 
1976-77 
1997-78 
Production 
50.83 
51.99 
59.20 
69.82 
68.03 
66.85 
69.86 
64.31 
77.14 
76.67 
82.02 
82.71 
80.15 
80.64 
89.36 
72.35 
74.23 
95.05 
94.01 
99.50 
108.42 
105.17 
97.03 
104.67 
99.83 
121.03 
111.17 
126.41 
Year 
1978-90 
1979-80 
1980-81 
1981-82 
1982-83 
1983-84 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-00 
2000-01 
2001-02 
2002-03 
2003-04 
2004-05 
2005-06 
Production 
131.90 
109.70 
129.59 
133.30 
129.52 
152.37 
145.54 
150.44 
143.42 
140.35 
169.92 
171.04 
176.39 
168.38 
179.49 
184.26 
191.50 
180.42 
199.42 
192.26 
203.61 
209.80 
196.81 
212.85 
174.77 
213.19 
198.36 
208.60 
Source: Government of India 2007a. 
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Table 5: Growth Rate of Indian Agriculture from Pre-Green Revolution to 
Period after Economic Reforms. 
Period 
(1949-50 to 1964-65) Pre-
Green Revolution Era 
(1967-68 to 1996-97) Post-
Green Revolution Era 
(After Economic Reforms) 
1991-92 to 2006-07.* 
Area 
1.35 
0.42 
0.05 
Production 
2.82 
2.62 
1.57 
Yield 
1.36 
2.62 
1.33 
Source: Govt, of India 1998 
* Authors calculation from RBI Statistics. 
Increase in food grain output, during the Pre-Green Revolution era was 
contributed both by expansion in area and rise in yield. In contrast the output growth 
following green revolution was due primarily to improvement in yield. Several studies 
agree on this analysis, (Vidyanathan, 1993; Rao, 1994; Ramakrishna, 1993 and 
Katyal, 1997). If we analyze the progress of Indian agriculture from 1990 to 2007 we 
find that there is deceleration in production and yield of food grain in the Post 
Economic Reform period as compare to Post Green Revolution period, (Table 5). 
Table 6: Growth Rates of Area, Yield and Production (percent/annum) 
Crops 
Area 
Production 
Yield 
Area 
Production 
Yield 
Area 
Production 
Yield 
Area 
Production 
Yield 
Area 
Production 
Yield 
1970s 
0.48 
-0.45 
0.04 
1.97 
0.95 
2.94 
-1.05 
-0.20 
-1.24 
0.11 
0.32 
0.46 
0.05 
-3.04 
-3.16 
1980s 
Rice 
0.49 
2.71 
3.21 
Wheat 
0.53 
2.67 
3.22 
Coarse cereals 
-1.02 
2.87 
1.82 
Total cereals 
Source: Government of India, 2007(b). 
-0.08 
2.97 
2.89 
Pulses 
0.42 
1.50 
1.92 
1990s 
0.56 
1.31 
1.90 
1.30 
0.48 
3.31 
-2.11 
1.40 
-0.75 
-0.12 
2.05 
1.94 
-1.54 
0.94 
-0.61 
2000-06 
-0.33 
1.32 
1.26 
1.30 
-0.49 
1.04 
-0.88 
1.73 
1.40 
-0.06 
0.96 
1.20 
2.24 
1.26 
3.65 
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A disaggregation of the food grain production trends according to major 
crop indicates a non-uniform trend. The substantially higher growth rate of 3.21% 
percent experienced for the rice during the 1980s has declined to 1.96% during the 
90s and 1.26% during 2000-06, mainly due to the decline in the growth rate of yield 
of rice from 2.71% during the 1980s to 1.31% in both 1990s and 2000-06. Though 
wheat production growth rate had also declined during the 1990s over the 1980s, the 
decline was not so pronounced as in the case of rice, mainly because the fall in yield 
growth rate of wheat from 2.67% during the 1980s to 0.48%) during the 90s was 
somewhat compensated by the increased growth rate of area during the 90s, but this 
decline in yield continued in 2000-06 and as a result the production of wheat decline 
from 3.31% in 1990s to 1.04%) during 2000-06. The negative growth rate of area 
under coarse grains experienced during 1980s continued during the 1990s and 2000-
06 also, (Table 6). The decline in coarse cereal production, which is largely grown for 
self consumption, has occurred along with changes in labor market involving decrease 
in self employment and increase in wage employment and growing casualisation of 
wage labour, (Vaidyanathan, 1986). The influence of the negative growth rate of area 
under coarse cereals during the 1980s and the 1990s was such that inspite of the 
increasing trend in wheat area, there has been a negative growth rate in the area of 
pulses experienced during the 1980s which further worsened during the 1990s but 
there seems some improvement in the total area of pulses during 2000-06. 
6.6 Reasons for Deceleration of Indian Agriculture 
There is a raging debate going on in India about the reasons why the growth 
rate in Indian agriculture declined since the 1990s, especially during the last several 
years, (see Alagh, 2004; Bhalla, 2004; and Gulati , 2004). In answering this question, 
it is important to distinguish between generic problems that continue to constrain 
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agriculture and issues that became constraints in the reform decade of the 1990s. The 
former constitutes part of the agricultural cum rural reform agenda, the latter is more 
specific. First, one confronts a diminishing returns argument, with total factor 
productivity declining, as opposed to an argument based on increases in input costs or 
a slower increase in output prices. This argument is usually applied to Punjab, 
Haryana and the western parts of Uttar Pradesh where agriculture has become 
overcapitalized. In these traditional Green Revolution areas, there are also questions 
about unsustainable practices like excessive use of water and imbalanced use of 
fertilizers. Land has become degraded. These are traditional arguments associated 
with the Green Revolution and concern reduction in soil fertility, excessive use of 
fertilizers and imbalance of nutrient content in the soil, problems related to biomass 
availability, genetic erosion, waterlogging and salinization, depletion of groundwater 
tables, imbalances in nutrient availability because of changes in cropping patterns and 
contamination of waterbodies and soil by pesticides and fertilizers, (Shiva, 1991). 
Then there is the issue related to lowering of farm profitability in the 1990s. While 
these are important topics, they are not very convincing in explaining the 1990s 
deceleration, unless one plugs in a regional dimension. In the 1980s, availability of 
power, irrigation and infrastructure helped the spread of the Green Revolution to the 
Eastern Region, particularly for paddy rice. Owing to power shortages, among other 
factors, this osmosis was less evident in the 1990s. Another explanation for the 1990s 
deceleration is reduced public investments, especially in irrigation; this is directly 
reflected in the reduced share of capital formation in agriculture in the overall GDP. 
Moreover, in the 1990s, the quality of public sector agricultural research, technology 
development and extension services deteriorated. Amongst various types of 
government spending for agriculture, agricultural R&D appears to be the most critical 
for promoting farm yields. The farmers of today is not only experiencing a slowdown 
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in agricultural productivity and rise in input costs but also facing the volatility of the 
market because of trade liberalization, Other factors are, technological fatigue, decline 
in public investment in agricultural infrastructure, education, research and extension. 
Large gap in actual and potential yield, stagnation in net cultivated area, 
marginalization of holdings and land degradation, ( Rao, 2005). 
6.6.1 Yield Barrier in India 
Despite a rapid growing population, some improvements to the India's food 
system have been made, over the last decade. Food grain production has increased to 
the record levels, famine has disappeared, and per capita increase in food supply has 
been realized. What is alarming is that India is again facing yield barrier and the gains 
from Green Revolution reached to its plateau. Despite the progress achieved, 
productivity levels for most food grain crops are way below world averages. The 
average yields of important crops like rice, wheat, maize etc., are not only lower than 
the world average but are considerably below the average yield in China, Philippines 
and Japan. For example, the yield of India's most important food grain rice, at 2.9 
metric tones/ha is almost one fourth of Egypt and one-third of Japan and it is also 
below the world average of 3.96 metric tones/ha . India's yields of wheat at 2.71 
metric tones/ha are almost equal to world average of 2.87 metric tones/ha but less 
than China's 4.25 metric tones/ha and much below the 7.77 metric tones/ha obtained 
in United Kingdom. Yield of coarse cereals like maize at just over 1.18 are a quarter 
of China's and one tenth of USA at 9.15 metric tones/ha, (Government of India, 
2007c). The yield of soybean and groundnut are also relatively low. Production has 
also risen more slowly than in other countries. For example, between 1970 and 1990 
roughly the period of green revolution in many developing countries, India's volume 
of total farm output rose 2.1 percent per annum. During the same period it rose 3.4 
percent in neighboring Pakistan, 3.7 percent in Indonesia, 3.9 percent in Thailand, 4.7 
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percent in Malaysia, and 5.6 percent in Sri Lanica, (Crook, 1991). This means that on 
a comparative basis, while India's output during the 1970s and 1980s rose by a total 
of 40 percent, Malaysia's, for example, went up 100 percent. 
Figure 1: International Comparisons of Yield of Rice Crops, 2004-05 
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Figure 2: International Comparisons of Yield of Wheat Crops, 2004-05 
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Figure 3: International Comparisons of Yield of Maize Crops, 2004-05 
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6.6.2 Water for Sustainable Food Security 
Agriculture currently consumes 70 percent or more of the world's developed 
freshwater supplies. Water is one of the crucial inputs in agricultural production 
accounting for about 80 percent of the water withdrawals in India. Alarming rates of 
ground water depletion and serious environmental and social problems of some of the 
major irrigation projects on one hand, and the multiple benefits of irrigation water in 
enhancing production and productivity, food security and poverty alleviation 
highlights the importance of proper irrigation system for agriculture sector, 
(Ramasamy and Ashok, 2007). India will be required to produce more and more from 
less and less land and water resources. The fact that 2000 to 5000 liters of water is 
required to produce enough food to feed one person each day, underscore the 
importance of increasing the productivity of water in agriculture. In India only 40 per 
cent of the agricultural land is under irrigation and the rest sixty percent area is rain 
fed. There was a declining trend in irrigated area after 70s, but 90s witnessed slight 
increase in the growth rate of irrigated area. In India water availability per capita was 
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over 5000 cubic meters per annum in 1950. It now stands at 2000 cubic meters and is 
projected to decline to 1500 cubic meters by 2025 i.e. availability of water for 
agricultural use in India may be reduced by 21 percent by 2020 resulting in drop of 
yields of irrigated crops, especially rice, thus price rise and withdrawal of food from 
poor masses, (Singh, 2007). Further, the quality of available water is deteriorating. 
Also, there are gross inequalities between basins and geographic regions. Declining 
public investment in agriculture is a major constraint in increasing area under 
irrigation. The growth in area irrigated through publicly funded schemes slowed 
down, creating severe shortages of irrigation water on the one hand and a large 
number of unfinished irrigation projects on the other. In 1996-97 the GOI introduced 
the Accelerated Irrigation Benefits Programme (AIBP) and in 2002 a Fast Track 
Programme in order to help states complete pending irrigation schemes quickly 
through central loans and grants. So far, success has been modest. Despite irrigation 
investment over the years, roughly three-fifths (60 percent) of India's gross cropped 
area remain dependent on rains. The declining growth in irrigated area, competing 
demand for domestic and industrial uses and the fact that 60 per cent of the arable 
land is still under rain fed conditions calls for efficiency in water use. 
Table 7: Compound Growth Rate of Area Irrigated In India 
Period Compound Growth Rate 
1961-70 2M 
1971-81 2.56 
1981-90 1.52 
1991-02 1.81 
Source: FAO 2004a. 
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6.6.3 Public Investment and Poor Infrastructure in Agriculture 
In the early years of economic planning in the 1950s and 1960s, public 
investment in agriculture accounted for almost half of the total investment in rural 
areas in India. Government spending in agriculture based on the CSO series (with 
base year 1993-94) increased at a per annum rate of 2.61 per cent from 1960-61 to 
1969, compared with 9.50 per cent per annum from 1974-75 to 1980-81. Thus, public 
spending in agriculture grew three times faster during the 1970s than it did in the 
1960s. During the 1980s however, public spending in agriculture decelerated at a rate 
of 3.89 per cent per annum, which continued in the 1990s although at a lower 
negative rate of 0.74 per cent per annum. Thus, the 1980s and the 1990s were 
characterized by declining public investment in agriculture with some recovery in the 
1990s. The decline was much sharper when agriculture and allied activities are 
considered jointly, followed by irrigation and power for agriculture uses. It is this 
continuous declining trend, which has caused great concerns among policy-makers 
and planners with regard to the future growth of agriculture and its impact on poverty. 
The public investment in agriculture has been declining and is one of the main reasons 
behind the declining productivity and low capital formation in the agriculture sector, 
(Thoratand Fan, 2007). 
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Table 8: Gross Capital Formation in Agriculture (1993-94 Prices) 
Year 
1990-91 
1995-96 
1996-97 
1997-98 
1998-99 
1999-00 
2000-01 
2001-02 
2002-03 
2003-04 
Growth rate 
95-96 to 03-04 
Public 
4395 
4849 
4668 
3979 
3870 
4221 
3927 
4969 
4359 
5249 
0.96 
Investment in Agriculture (Rs. 
Private 
10441 
10841 
11508 
11963 
11025 
13083 
12980 
12250 
13881 
15261 
3.63 
Total 
14837 
15690 
16176 
15942 
14895 
17304 
16906 
17219 
18240 
20510 
2.90 
Crore) 
Inv. In Agr. as 
% of GDP 
1.92 
1.57 
1.51 
1.43 
1.26 
1.37 
1.28 
1.24 
1.27 
1.31 
Source: Government of India, 2005. 
Table 8 shows that investment in agriculture as percent of GDP declined 
steeply over the period of time. In 1990-91 it was 1.92 percent of GDP which 
declined to only 1.31 percent in 2003-04, and the major decline was in the public 
sector. Growth rate of agricultural investment from the public sector was only 0.96 
percent over the period 1995-96 to 2003-04, whereas growth rate of private 
investment was 3.63 over the same period. The decline in public investment is of 
particular concern because public investment in basic infrastructure, human capital 
formation and research and development (R&D) are necessary conditions for private 
investment, (Evenson and McKinsey, 1991; Pray and Evenson, 199land Pardey et al., 
1992). Public investment in forms of human capital: education, extension, training 
and technology research have also been shown to increase productivity, (Evenson and 
McKinsey, 1991; Pray and Evenson, 1991; Pardey et al., 1992 and Rosegrant and 
Evenson, 1992). Public investments also promote technology adoption, stimulate 
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complementary on-farm investment and input use and are needed for marketing the 
agricultural goods produced, (Feder, et al., 1985 and Wozniak, 1989). With the 
burden on productivity- driven growth in the future, this worrisome trend must be 
reversed. Private investment in agriculture has also been slow and must be stimulated 
through appropriate policies. Considering the fact that nearly 70 percent of India still 
lives in villages, agricultural growth development as well as of natural resource 
conservation are needed to facilitate agricultural and rural development through: (a) 
Productivity increasing varieties of crops, breeds of livestock, strains of microbes and 
efficient packages of technologies particularly those of land and water management, 
for obviating biotic and abiotic, socio-economic and environmental constraints, (b) 
Yield increasing and environmental -friendly production and post harvest and value 
addition technologies, (c) Reliable and timely availability of quality inputs at 
reasonable prices, institutional and credit support, especially for small and resource-
poor farmers, and support to land and water resource development.(d) Effective and 
credible technology, procurement, assessment and transfer and extension system 
involving appropriate linkages and partnerships; again with an emphasis on reaching 
the small farmers. 
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Figure 4: Model Relationships between Public Spending and Poverty 
Investment and Subsidies 
Education/Health Infrastructure Technoloav 
Aaricultural Production 
Waaes Nonfarm Emolovment 
Other Exogenous Variables 
• Population Growth 
• Agroecological Condition 
• Urban Growth 
• Macro and Trade Policies 
Food Prices 
Poverty 
Source: Fan et,al. 2007. 
As agriculture is getting diversified there is a need to not only argument but 
also restructure the pattern of investment in agriculture. Historically, the public sector 
has taken a lead in directing the growth and pattern of investment. Immediate steps 
should be taken to improve capital formation for agriculture in both public and private 
sectors. Otherwise, it may be difficult to sustain agricultural growth and rural 
purchasing power. Currently, irrigation accounts for the bulk of public investment 
(above 90 percent). The new strategy of agricultural growth and diversification of 
agricultural growth and diversification of agriculture from traditional crop cultivation 
to horticulture, etc, would require investment in cold storage, rural roads, 
communication, marketing network and facilities, and warehouses, etc. 
Simultaneously, efforts should be made to revitalize agriculture through the 
introduction of new technologies policies and other innovations. This would require a 
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substantial increase in investment in research and development for agriculture. Only 
such a broader approach can facilitate the achievement of twin objectives of 
development, namely, accelerating growth of agricultural GDP and promoting equity 
through reduction in poverty and food insecurity, ( Majumdar, 2006). 
6.6.4 Environmental Problems 
Mutually reinforcing packages of technology, services and public policies led 
to the birth of what was termed as Green Revolution. It led also to the birth of 
environmental problem in Indian agriculture. With Green Revolution, came the water 
thirsty, chemical-intensive hybrid varieties. Even M.S. Swaminathan, the father of 
Green Revolution had warned the danger when Green Revolution was adopted. 
Addressing the Indian science Congress at Varanasi in January 1968, he said: 
'Exploitative agriculture offers great possibilities if carried out in a scientific way, but 
poses great danger if carried out with only an immediate profit motive'. Intensive 
cultivation of land without conservation of soil fertility and soil structure would lead, 
ultimately, to the springing up of deserts. In India, the production of foodgrains 
quadrupled between 1947 and 1990, and the contribution of Punjab and Haryana to 
national production of rice and wheat increased from 4% in 1950-51 to 21 % in 1985-
86, (ICAR, 1998). No other state illustrates the ugly face of Green revolution more 
than Punjab. Unfortunately while trying to feed the rest of the nation Punjab has lost 
its prime land. 
Land degradation may pose a serious threat to food production and rural 
livelihoods, particularly in poor and densely populated areas of developing countries. 
Land degradation takes a number of forms, including depletion of soil nutrients, 
salinization, agrochemical pollution, soil erosion, vegetative degradation as a result of 
over grazing and the cutting of forest and farm land. All of these types of land 
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degradation, reducing potential yields. For example area affected by soil degradation 
increase from 113 million hectares in 1947 to 166 million hectares in 1990, and the 
data collected by the Fertilizers Association of India shows that between 1966 and 
1992, the incremental response of yields to an additional unit of fertilizer fell by 83 % 
for rice and 64% for wheat, (Hobbs and Morris, 1996). Various sources suggest that 5 
to 10 million hectares are being lost annually to severe degradation. If this trend 
continues, 1.4 to 2.8 percent of total cropland, pastures, and forest land will have been 
lost by 2020, (Scherr and Yadav, 2001). Another very important problem of today's 
agriculture is global warming which is a serious threat to agriculture production and 
yield of major food crops. Weather data indicate that a significant part of the decline 
or stagnation in the existing yield in rice and wheat could be ascribed to rising 
temperature. Although the changes were not statistically significant, they indicated a 
warming trend and the possible effect on crop production. 
6.7 Arresting Deceleration in Total Factor Productivity 
Public investment in irrigation, infrastructure development (road, electricity) 
research and extension and efficient use of water and plant nutrients are the dominant 
sources of Total Factor Productivity (TFP) growth.The sharp deceleration in total 
investment and more so in public sector investment in agriculture is the main cause 
for the deceleration of Indian agriculture over the period of time. The most serious 
effect of deceleration in total investment has been on agricultural research and 
extension. This trend must be reversed as the projected increase in food and non-food 
production must accrue essentially through increasing yield per hectare. Recognizing 
that there are serious yield gaps and there are already proven paths for increasing 
productivity, it is very important for India to maintain a steady growth rate in total 
factor productivity. Average yields from tomato cultivation, for example, are 76 per 
cent higher in Mexico and more than four times higher in the USA, while average 
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yields on seed cotton are more than four times higher in Mexico and three times 
higher in USA. Even within India, some progressive farmers have achieved yields 
comparable to their foreign counterparts till recently, but these high achievers are a 
rare exception. There are serious gaps both in yield potential and technology transfer 
as the national average yields of most of the commodities are low, which if addressed 
properly could be harnessed. As the total factor productivity increases, and the yield 
increase the cost of production decreases and the price also decrease and stabilize. A 
cross-country analysis by (Thirtle et. al, 2002) found that a one percent increase in 
agricultural yield decreases poverty by 0.64 to 0.91 percent at the national level. The 
fall in food prices will benefit the rural and urban poor more than the upper income 
groups, because the former spend a much larger proportion of their income on cereals 
than the latter, (Rao, 2005).Tapping the full potential of Indian agriculture to meet the 
rising domestic demand and to take advantage of the liberalization of international 
trade will require, first and foremost, the recognition of the vital role that agriculture 
can continue to play in national development. The other necessary conditions are 
greater public investment in research; expansion and development of rural 
infrastructure including roads, storage capacity and organized markets, improved 
farmer education; effective involvement of the private sector to provide technology, 
investment and organizational expertise for commercialization; and modification of 
land regulations to achieve greater production efficiency. A suitable land use pattern 
will also need to be implemented, based on the principle that each region would focus 
on crops best suited to their agro-climatic characteristics, soil types and water 
resources. Strong measures will also be needed to address the problem of land 
degradation that affects an estimated 45 per cent of total land area. India's objective 
for 2020 must not only be to produce the food its population requires but also to fully 
exploit the comparative advantage it possesses with respect to agro-climatic variety, 
irrigation, scientific capabilities and low labor cost to become a low cost, high profit 
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producer for the world market,(Singh, 2007).The investments that are good for 
agricuhural growth-technology and its dissemination, rural infrastructure (roads), 
education and irrigation -amount to a "win-win" strategy for reducing rural poverty 
by also increasing the non-farm economy and raising rural wages, (Rao, 2005). 
Besides this, efforts must be in place to defend the gains and to make new gains 
particularly through the congruence of gene-revolution, informatics revolution, 
management revolution and eco-technology. Raising the productivity of our soil and 
water resources is an effective way to increase the profit margins of farmers, while at 
the same time reducing the cost of farm produce, so that it is more affordable to the 
masses. A minimum target should be double or triple the average yields of major 
commercial crops. This will reduce pressure on scarce land and water resources as 
well as enable the country to utilize less fertile areas for other purposes. 
6.8 Demand For Food Grains By 2020 
Food grain demand have been constructed variously by counting for the 
additional needs generated by one or more than one of the following elements; 
population growth , changing food habits (dietary pattern, seed and feed needs, buffer 
stock building, export/import and wastage. 
Starting from Malthus, the question of feeding the ever growing population 
has been engaging the attention of politicians and academician's like. But nobody 
could make reliable global appraisal for food requirement until there was at least basic 
information regarding the extent of cultivated and potentially cultivable area, typical 
yield of dominant cereal crops and their likely future increase. As with so many other 
developments, the time for projecting the total population that plant can support came 
during the last decades of the 19* century. Ravenstien (1891), perhaps the first 
researcher to investigate the limit, came up with a maximum total of just under 6 
billion people. Shortly afterwards, Pfaundler (1902) assuming no extension of the 
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then existing 2,174 million hectares supported by traditional farming methods , and 
recycling of organic matter ended up with a minimum of 11 billion people. Numerous 
other estimates followed, and those vary from 10 to 40 billion people, (Brown, 1954). 
The position is more or less the same in India. For example the demand projections 
that were made for 2000 AD were varying widely as the table below illustrates: 
Table 9: Comparison of Studies for Demand Projections for Food Grains in 2000 
A.D. 
Studies 
]. National Commission on Agriculture, 1976 
2. Working groups (Requirement) demand at 
physiological level 
3. World Bank, 1981 
4. IFPRI study (for Asian Development Bank) 
1984 
5. Planning Commission , 1985 
6. Radhakrishnan and Ravi, 1990. Centre for 
Economics and Social Studies, Hyderabad, 
India 
7. G.S Bhalla 1999 
8. Radhakrishnan and Ravi, 1994 
9. P.C Bansil, 1996 
10. Parduman Kumar, 1995 
11. lARI-IFPRI study 1995 
Human demand 
Food grains 
Food grains 
205*' 
Food grains 
Food grains 
182"' 
Domestic Demand 
(million tons) 
205-225 
179 
219 
191-205 
210 
240 
234' 
263 
230.22 
198'' 
209' 
205' 
Source: Desai.1997. 
a. Without change in income distribution 
b. With change in income distribution. 
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c. Projected the requirements for seeds, feed, industrial use and waste. Feed 
demand is computed using the feeding ratio (that is, the quatity of feed 
required to produce one unit of livestock products) 
d. Using incremental demand model by providing additional requirement for 
household and non-household over the base year demand 
e. Using a grassing factor of 1.143 to account for non-household demand 
Kumar (1998), while dividing the population into rural and urban livings sub-
classified them further into four expenditure groups i.e. very poor, moderately poor, 
non-poor lower and non-poor higher. Aggregate calories needs (at 5% GDP growth 
rate translated into food grains equivalent of 181 million tons for the year 2000 and 
262 million tons for the year 2020, (Table 10). 
Table 10: Projected Direct Demand (at 5% GDP) 
Crops 
Rice 
Wheat 
Coarse Cereals 
Pulses 
Total Foodgrains 
2000 
82 
62 
23 
14 
181 
for Food Grains in India 
2020 
117 
93 
28 
24 
262 
Source: Kumar, 1998. 
Apart from direct needs to fulfill human demand for food, there are some 
collateral requirements which necessitate inclusion to arrive at total food grains, 
(Kumar, 1998), these constitute seed need, feed needs, industrial use and wastage with 
no major shift foreseen for area under food grains in future, seed needs have been 
calculated to be around 4.4 million tons by the year 2020. 
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Table 11: Projected Indirect Demand (million tones) for Food grains in India. 
Crops 
Rice 
Wheat 
Coarse 
grain 
Pulses 
Total 
Foodgrain 
Seed 
2000 
1.28 
1.79 
0.55 
1.20 
4.40 
2020 
1.28 
1.79 
0.55 
1.20 
4.40 
FeedG 
2000 
0.44 
2.14 
5.15 
0.86 
8.59 
rrain 
2020 
0.86 
4.20 
10.13 
1.69 
16.88 
Industrial use 
2000 
2.01 
2.01 
0.65 
0.33 
5.00 
2020 
2.26 
2.62 
0.85 
0.46 
6.55 
Wastage 
2000 
1.23 
1.98 
1.73 
0.35 
5.29 
2020 
2.10 
3.06 
2.26 
0.48 
7.90 
Source: Kumar 1998. 
By summing up the direct and indirect food needs, the aggregate food grain 
demand (direct + indirect food grain needs) works out to about 200 million tones in 
2000 and 294 million tons in 2020 (these calculations correspond to medium GDP 
growth rate of 5%). 
Sinha (1999) basing his estimates on 2, 500 calories/person/day assuming 
only 1,400 calories will come from food grain, reported that India will need 152 
million tons of food grains for direct human consumption for a population of 1150 
million and 172 million tons for population of 1300 million in 2020. However, in his 
calculations around 1,100 calories are to be derived from milk, vegetables, fruits, and 
sugar, vegetable oil and tuber crops. Assuming a 30% requirement of direct food 
grain needs on seed, feed, wastage etc. Sinha (1999) project a maximum requirement 
of 260 million tons by 2020. 
In the calculations of Katyal (1997), there will be need of around 266 million 
tons of food grains for the year 2020. Parikh and Dev (1995) forecasted cereal grain 
demands for India by building their calculations on two extreme scenarios:(l) 
Moderately rapid population and relatively slow growth of national income(3.75%) 
(MP-LG) and (2) relatively high population growth and high national income growth 
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(6.75%) (HP-HG). Human consumption demand for cereals (equivalent to direct 
needs) with the criteria of Parikh and Dev (1995) works out to MP-LG 189 million 
tons (wheat 65 million tons, rice 97 million tons, Coarse cereals 27 million tons) and 
Hp-Hg 235 million tons (wheat 100 million tons, rice 109 million tons, coarse cereal 
26 million tons). If the projected demand on pulses at 24 million tons is added up, the 
total food grains requirements of 259 million tons almost equals to that made by 
Kumar (1998). 
Future Demand and Supply 
Future direction of food supply and demand will be determined by interaction 
of various market forces (such as prices, population, and income) as decisions and 
policies of farmers, national government, and international donors will affect them. 
Like China in the late 1970s and early 1980s, India is in the midst of major economic 
reform. If it succeeds, incomes in India will rise much faster than they have in recent 
decades, with profound effect on food demand, supply and food security, (Andersen, 
1998). Several experts have estimated that keeping in view the projected increase in 
population in 2020 around 1300 to 1622 million, the demand for food grains in the 
India will be about 260 to 296 million tons. 
India is facing the formidable task of meeting food needs of growing millions. 
Any attempt to address India's food needs in the 21^' century must begin with 
accounting of the challenges ahead. Several research organizations and individuals 
have projected demand for and supply of food grains in general and cereals in 
particular under different assumptions and scenarios (See for example, Bhalla, 1999; 
Kumar, 1998; Rosegrant et, al. 1995, and Bansil, 1998). Most of the projections are 
based on calculation of demand elasticities and making assumption about per capita 
income growth rate. But, the uncertainties in economic scene and scenario in most of 
the developing countries especially India and irregular behavior of demand elasticities 
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for food over long period of time makes it impossible to project accurate food demand 
for a long time period. 
However on the basis of ICMR (Indian Council of Medical Research based on 
the definition of food security a well-fed India scenario is developed to project the 
actual food needs to achieve food and nutritional security in the year 2020. This 
scenario based on the recommended food items by the ICMR (Indian Council of 
Medical Research) and population in 2020, (table 12). 
Table 12: 2020 Food Demand Projection Based 
Security. 
on the Definition of Food 
Food item 
Cereals as food 
Cereals as feed 
Pulses 
Total food grains as 
food and feed 
7.5% seed & waste 
Total food grains 
requirements in 2020 
Milk 
Meat 
Eggs 
Oils 
Roots 
Sugar 
Soybean 
ICMR 
norm 
(grams/ 
person/ 
day) 
400 
41.34 
227.00 
11.42 
7.21 
16.83 
55.58 
43.06 
6.83 
2020 well-fed 
India 
scenario for 
Population 
1272.167 
Million 
185.74 
23.03 
19.20 
227.97 
17.10 
245.07 
105.41 
5.30 
3.35 
7.81 
25.81 
20.00 
3.17 
2020 well-fed 
India 
scenario for 
Population 
of 1329.1 
Million 
194.05 
34.36 
20.05 
248.66 
18.65 
267.31 
110.12 
5.54 
3.50 
8.16 
27.00 
20.90 
3.31 
2020 well-fed 
India 
scenario for 
Population of 
1420 
Million 
207.32 
25.72 
21.47 
254.51 
19.10 
273.61 
117.65 
5.92 
3.74 
8.72 
22.32 
28.81 
3.54 
Source: Authors calculation, based on ICMR (Indian Council of Medical Research) 
recommended food norms. 
Long-term projections involving extreme scenarios (high population growth 
and low population growth) are helpful in capturing a range of possible alternatives. 
Whether population is projected at 1272.167 million (FAO), or at 1329.1 million 
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(standing committee on population) or 1420 million, (Kumar, 1998), total food grains 
requirement to ensure a well-fed society in India vary between 245 million to 273 
million tons. Consequently, the challenge of raising production between 65 million 
tons to 90 million tons over the production level of year 2000 (180 million tons) is 
ahead of Indian policymakers in the next two decades. To achieve this target while 
annual production growth rate of 3.5 to 4.5 percent is needed, (see also Kumar, 1998) 
the growth rate during 1990s stalemated much behind the desired level at the rate of 
1.8 percent. 
Table 13: Comparison of Studies for Demand Projections for Food Grain in 
2020. 
Studies 
Indian Council of Medical Research 
Bansil, 1998 
Sinha 1999 
Parikh&Dev, 1995 
Bhalla & Hazel 
Food grain requirements (mt) 
375(for ensuring marginal food security) 
283.88 
150(for direct human consumption) 
259 
296(cereal demand) 
Source: Sinha 1999, Bansil 1998, Bhalla & Hazel 1999. 
Large variation exists in different studies of food grain demand projections by 
2020. Kumar's projection estimated 293.4 million tons of foodgrain, whereas Bhalla 
and Hazel projected requirement of 296 million tons of cereals by the year 2020. The 
highest food grain requirement of 375 million tons for ensuring marginal food 
security was estimated by ICMR (Indian Council of Medical Research), (Table 13). 
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Table 14: Demand for Food Grains by 2020 in Rural and Urban Areas. 
Item 
1993 
2020 
1993-2020 
Urban 
221 
544 
323 
Population(million) 
Rural 
663 
816 
153 
Total 
884 
1360 
476 
Additional food grains requirements (million tons) 
Human Consumption 
Cereals 42.6 
Pulses 
Milk (additional 73 million tons) 
Eggs (additional 97 billion eggs) 
Chicken (additional 4.4 million tons) 
Other Meat 
Draught and other animals 
Wastage 
Industrial uses 
Total (additional requirements) 
Total quantity available in the system during 1993 
Grand Total (demand by 2020) 
25.7 68.3 
7.2 
17.5 
5.8 
5.3 
2.0 
3.5 
1.5 
0.5 
111.60 
172.28 
283.88 
Source: Bansil, 1998 . 
According to estimates by P.C.Bansil demand for food grains in India by 2020 
will be 283.88 million tons. If the production performance of 1990s continued over 
the next two decades by 2020 the production of food grains would be 237 million 
tons, which in turns means in the year 2020 India shall import 46.5 million tons of 
food grains, (Table 14). 
6.8.1 Cereal Demand in India 
Although many Indians still do not have an adequate diet, the national food 
situation is dramatically better today than 30 years ago. In 1970, India's population 
was only two-thirds its current size, but cereal production was only half the current 
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level and the country was critically dependent on food aid to prevent widespread 
famine, particularly in drought years. Today, India is self-sufficient in cereals. The 
nation produces and consumes about 170 million metric tons of cereals each year 
(including seed and waste). 
But will India continue to be self-sufficient in cereals in the years ahead? Over 
the next 20 years, will total cereal demand double again to over 340 million tons? Or 
will there be significant departures from past trends that may slow or increase growth 
in demand? And will national production of cereals continue to keep pace with 
demand, or will increasing resource scarcity and degradation and already high use of 
high-yielding varieties (HYVs), fertilizers, and irrigation limit future growth 
opportunities? The answer depends on several factors: growth trends in population, 
per capita income, and urbanization; changes in taste as more people have better 
access to, and more information about, alternative foods; increased reliance on cereals 
for feed in response to rising consumption of meat products; and the impact of future 
economic growth on the poor. 
International Food Policy Research Institute's International Model for Policy 
Analysis of Agricultural Commodities and Trade (IMPACT) provides cereal demand 
for India and several other countries to IMPACT projections, demand for cereal in 
India by the year 2020 will touch the level of 304.32 million tons. 
Table 15: Demand for Cereals in India, 1990-2020. 
Commodity 
Wheat 
Rice 
Maize 
Other Coarse Cereals 
1990 
47.89 
74.76 
8.97 
27.47 
2020 
95.62 
144.79 
16.39 
47.51 
Source: Rosegrant et al., 1995. 
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Bhalla, et.al. 1999 projected cereal demand for India in the year 2020 under 
different scenario. They projected cereal requirements under different income growth 
scenario (2%, 3.7 % and 6 %). They projected demand for cereal to feed livestock 
assuming that 1.2 kg of cereals is required to produce 1 kg of meat. This led to the 
2020 food and feed projections in table 16. 
Table 16: Projected Total Cereal Requirement for India by 2020. 
2020 projection with per 
capita income growth of 
2 percent 
3.7 percent 
6 percent 
Food 
231.8 
246.68 
267.21 
Feed 
25.75 
56.11 
107.52 
Total 
257.26 
296.19 
374.73 
Source: Bhalla et, al 1999. 
Most of the projections listed above are based on calculations on demand elasticities 
and making assumption about per capita income growth rate. But the uncertainties in 
economic scene and scenario in most of the developing countries especially India and 
irregular behavior of demand elasticities for food over long period of time makes it 
impossible to project accurate food demand for a long period correctly. Moreover in 
the best they can measure only the effective demand for food and not the required 
food to provide a minimum measure of food security to the society. 
Table 17: Annual Compound Growth Rates in Area, Production and Yields of 
Cereals in India. 
Coarse 
cereals 
Total cereals 
1981-82 to 1990-91 
Area Production 
-1.49* 0.72 
-0.25 3.12* 
Yield 
2.16*** 
3.38* 
Area 
-1.35 
-0.16 
1990-91 to 2003-04 
Production Yield 
0.60 1.98* 
1.34* 1.51* 
* Significant at 1 percent level; ** Significant at 5 percent level and *** Significant at 
10 percent level. 
Source: Singh, (2006). 
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Table 17 shows that after 1991 growth rate of production in coarse cereals 
and total cereals declined. Not only area under production declined but the yield also 
shows deceleration over the period of time. The annual compound growth rate of 
yield of coarse cereals was 2.16 percent (significant at 10 percent level) in 1981-82 to 
1990-91 but this decline to 1.98 percent (significant at 1 percent level over the period 
of 1990-91 to 2003-04). Yield of total cereals also declined from 3.38 percent in 
1981-82 to 1990-91 to 1.51 percent in 1990-91 to 2003-04. If this trend continues then 
India has to import large amount of cereal for meeting both food and feed 
requirements. 
6.8.2 Supply Prospect 
The simplest method for projecting future production of cereals in India is to 
extrapolate past growth trend. Assuming that the total cereals production will continue 
to grow at the rate of 1990s (1.8 percent), if we take production level of agriculture 
year 1999-2000 as a base then by the year 2020 the production of cereals in India will 
reach to the level of 265.88 million tons. But such an extrapolation seems unrealistic, 
since there would be less and less fund available for investment in research that is 
needed to generate technologies and knowledge, which are required to maintain same 
growth rate in an environmentally stressed situation. Bhalla et al. 1999 estimated the 
cereal production, seed and waste requirements and available supply under different 
scenarios in 2020, (Table 18). 
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Table 18: Alternative Cereal Supply Projections For 2020, India, (Million Metric 
Tons). 
Scenario/Projection Basis 
1993 Actual 
2020 
Scenario 1 
1962/65-93 trend extrapolated (2.7 per 
cent production growth per year). 
Scenario 2 
IMPACT model (base line). 
Scenario 3 
1993 fertilizer use in tripled to an all-
India average of 334 kilo grams/hectare 
(to reach the agronomic optimum 
level). 
Scenario 4 
50 percent of gross cultivated area is 
irrigated (100 percent irrigation 
potential is achieved). 
Scenario 5 
Fertilizer use rises to 334 kilograms/ 
hectare and 50 per cent of gorss 
cultivated area is irrigated (most 
optimistic fertilizer and irrigation 
scenario). 
Scenario 6 
Fertilizer use doubles to 227 kilograms/ 
hectare and 41.5 percent cultivated area 
is irrigated (half of the increased 
irrigation and feritlizer compared to 
scenario 5). 
Scenario 7 
Fertilizer rises 50 percent to 173 kg/ha 
and 41.5 percent cultivated area is 
irrigated (25 percent of the feritlizer 
rise and 50 percent of the irrigation rise 
compared to scenario 5). 
Scenario 8 
Scenario 7 plus genetic and technical 
efficiency improvements. 
Production 
168.6 
347.1 
256.2 
287.5 
236.3 
389.6 
279.4 
251.0 
281.0 
Seed and 
waste 
12.6 
26.0 
19.2 
21.6 
17.7 
29.2 
21.0 
18.8 
21.1 
Available 
supply 
156.0 
321.1 
237.0 
265.9 
218.6 
360.4 
258.4 
232.2 
259.9 
Source: Bhallaetal. 1999. 
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Rosegrant et, al. (1995) with the help of IFPRI's International Model for 
Policy Analysis of Agricultural commodities and Trade (IMPACT) projected the 
annual growth rate of 1.42 percent for all cereals between 1993-2020. According to 
their estimate total cereal production would grow from 168.8 million tons in 1993 to 
256.2 million tones in 2020. 
Kumar (1998) developed a detailed econometric model of cereal production 
system in India. He provides two supply scenarios for 2020, one with the accelerating 
rate of growth in total factor productivity and one with a decelerating in TFP (Total 
Factor Productivity). In the first case, total cereals production in 2020 is estimated at 
309 million tons. If growth in total factor productivity slows down, then total 
production in 2020 will only be 269.9 million tones. 
Another scenario, is to assume that the growth rate of production of cereals 
continues to be 1.88 percent per annum (the growth rate between 1989/90 to 1998/99, 
as reported by Indian Economic Survey (1999-2000), then the total cereal production 
in the year 2020 will be 266.06 million tons which is remarkably close to the Kumar's 
second scenario and projection of Rosegrant et,al. 1995 with the help of IMPACT 
model. 
145 
Table: 19 Projected Cereals Supply, Demand and Net Trade, India, 1995 and 
2020. (million tons). 
Declining Productivity Growth Sustained Productivity Growth 
Year/Cereal Supply Demand Net 
export 
Supply Demand Net 
export 
1995 
Rice 
Wheat 
Coarse 
cereals 
Total cereals 
79.5 
59.7 
32.7 
171.9 
77.5 
63.5 
39.7 
170.7 
2.0 
-3.8 
3.0 
1.2 
79.8 
60.0 
32.9 
172.7 
77.5 
63.5 
29.7 
170.7 
2.3 
-3.5 
3.2 
2.0 
2020 
Rice 
Wheat 
Coarse 
cereals 
Total cereals 
120.5 
107.6 
42.3 
270.4 
124.5 
111.0 
57.9 
293.4 
-4.0 
-3.4 
-15.6 
-23 
134.0 
127.3 
48.0 
309.3 
124.5 
111.0 
57.9 
293.4 
9.5 
16.3 
-9.9 
15.9 
Source: IFPRI-IARI projections, 1995. 
Continued deceleration in productivity from decline support to agriculture is 
cause for concern. Under this scenario, the demand for cereals will exceed domestic 
production by 23 million tons by 2020, double the highest historical levels of imports. 
Nearly two thirds of this import will be coarse grains, because of relatively slow 
growth in their production and strong growth in the demand for livestock feed. If 
instead, historical growth in productivity (1970s & 1980s) is maintained, India will be 
in much stronger trade position. 
6.8.2.1 Cereal Gap 
There are two types of food gaps. "The most divesting is the gap between 
actual food consumption as the quantity and quality of food required to sustain a 
healthy and productive life. The second type of food gap is the difference at the 
national level between food production and food demand as reflected in food imports. 
Growing imports are not a problem if they are the result of strong economic growth 
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generating the necessary foreign exchange to pay for the food imports. However, if 
rapidly growing food imports are primarily a result of rapid income growth, they often 
act as a warning signal to national policy makers concerned with heavy reliance on 
world markets, and can induce the pressures for trade restrictions. More serious food 
security problems arise when the high food imports are the result of slow agricultural 
and economic development that fails to keep pace with basic food demand growth 
driven by population growth. Under these conditions, it may be impossible to finance 
the required imports on a continuing basis, causing a future deterioration in the ability 
to bridge the gap between food consumption and food required for basic livelihood", 
(Rosegrant, et.al. 1997). The nature of cereals gap in India is that of both types. On 
the one hand there are 221 million malnourished and food insecure and on the other 
hand the rapid economic growth and fall in production growth as a result of 
environmental, financial and social problem suggest that India shall imports large 
amount of cereals and other food items to feed its growing population. 
Table 20: Projected Cereal Gaps for India in 2020 under Alternative Demand 
and Supply Scenarios (Million Metric Tons). 
Supply scenario 
Total demand 
1962/65-93 Trend extrapolated 
Reasonable increase in fertilizer 
and irrigation use 
Plus genetic and technical 
efficiency improvements 
With additional land degradation 
Total 
supply 
(net of 
seed 
and 
waste) 
321.1 
232.2 
259.9 
242.1 
Demand (food + feed) scenario 
Projections with per capita 
income growth of 
2 3.7 6 
Percent Percent Percent 
257.3 296.2 374.7 
(supply minus demand) 
63.8 24.9 -53.6 
-25.1 -64.0 -142.5 
2.6 -36.3 -114.8 
-15.2 -54.1 -132.6 
Source: Bhalla and Hazell, 1999. 
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By combining the demand and supply projections from previous sections, we 
can now assess the hkely cereal gaps for India in 2020. Results show that whether 
India will have a manageable cereal demand in 2020 depends critically on what 
happens to the livestock sector. Rapid economic growth, particularly if it is 
accompanied by significant shifts in consumption patterns and reductions in 
malnutrition, could lead to escalating demands for milk, eggs, and meats. These in 
turn would require changes in livestock production methods; with increasing reliance 
on cereals for livestock feed. Given plausible assumptions about how expenditure 
elasticities and livestock- feed coefficients will change over time and per capita 
income growth of 3.7 per cent or more per annum, India may need nearly 300 million 
tons of cereals by 2020. But short of significant changes in the agricultural sector, the 
country's production capacity is not likely to exceed 260 million tons (net of seed and 
waste). This implies a cereal gap (excess demand over domestic production) of 36 
million tons or more per year by 2020. The cereal gap would be even larger if India 
were to become a TIGER economy. For example, with 6 per cent growth in per capita 
in come each year, the gap could reach 115-142 million tons by 2020. Even if the 
India's economy slows down to more historical rates of growth rate of 2 percent per 
year, the cereal gap could grow to as much as 25 million tons by 2020, (Table 20). 
6.8.3 Policy Response 
India has high population pressure on land and other resources to meet its food 
and development needs. The natural resource base of land, water and bio-diversity is 
under severe pressure. Food demand challenges ahead are formidable considering the 
non-availability of favorable factors of fast growth, fast declining factor productivity 
in major cropping systems and rapidly shrinking resource base. The agricultural 
productivity growth witnessed in the late 70s and early eighties was propelled by the 
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green revolution technologies. But the productivity gains from green revolution 
technologies in Asia and particularly in India have essentially ended (USAID, 2003; 
Sharma, 2003 and Ramasamy, 2004). Yield of major crops and livestock in the 
region is much lower than that in the rest of the world. Considering that the frontier of 
expansion of cultivated areas are almost closed in the region. The future increase in 
food production to meet the continuing high demand must come from increase in 
yield. Since 1996/97 the growth of agriculture has dropped to barely 2 percent, 
compared to earlier trend rate ranging between 2.5- 3.0 percent. The reasons are many 
and include grossly inadequate maintenance of irrigation assets, falling water tables, 
inadequate rural road networks, unresponsive research and extension services, soil 
damage from excessive urea use (encouraged by high subsidies), weak credit delivery 
and a distorted incentive structure which impedes diversification away from food 
grains. The share of agriculture in the total national income declined sharply from 
some 50 percent in the 1950s to around 20 or 22 percent in more recent years. Of 
course, this phenomenon of declining importance of agriculture is part of the process 
of development itself The more developed an economy, the lower the contribution of 
agriculture to national incomes. In developed economies like the UK, for instance, 
agriculture accounts for hardly 5 percent of national income. What is perhaps unique 
about the Indian agricultural scenario is that despite the regular decline in its 
contribution to national income, the centrality of agricultural growth to Indian 
economic development cannot be de-emphasized. In the Indian economy, the 
importance of agriculture transcends its primary function of mere crop production. 
The larger than sectoral role of Indian agriculture stems from the basic fact that a 
large proportion of the population, some 60 percent, continues to depend on 
agriculture for its livelihood. That is, despite the sustained growth of GDP of some 6 
percent in recent years, the non-agricultural sector has not been able to siphon off 
surplus labor from the agricultural sector. Nor is it likely to do so in the medium term. 
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This is in sharp contrast to the empirical experience of developed countries. It is this 
India specific configuration of circumstances which places agricultural or rural 
development in general in a pre-eminent position in the development agenda. Indian 
agriculture is facing number of problem and tackling these problems and revitalizing 
agriculture will take time, money, understanding and political will. It will also require 
much greater investments in (and maintenance of) rural infrastructure of irrigation, 
roads, soil conservation, etc. and reinvigoration of the present systems of agricultural 
research and extension. While the central government can play a significant role in 
revamping systems, the main responsibility for strengthening rural infrastructure lies 
with the states. However, their financial and administrative support has weakened 
over time. In the last ten years India has added 150 million more mouths to feed but 
has increased food production by only 15 million tons. Hence there is beginning to be 
an imbalance in supply and demand. Government of India in last 12 months has 
initiated steps to import as much as 5 million tons of wheat from Australia and 
elsewhere. This is certainly not a good omen and requires immediate policy attention. 
Meeting the challenges of increasing food production now and in the future 
demand innovations that can lead to sustainable Green revolution, which is now an 
ecological, social and environmental necessity in India. This involves new agricultural 
technologies and management systems providing increased productivity per unit of 
land, water, labor energy, investment without compromising on environment. To 
achieve the necessary yield growth without harming the environment is an enormous 
challenge. This challenge will have to be met largely through agricultural research, 
the annual rate of return to investment in agricultural research averaged 50-80 
percent. Thus well directed agricultural research and development programs remain a 
wise investment of public funds (Alston et, al. 1995). This has to be done under the 
shadow of ever- tighter public research budgets. For a bigger harvest in coming years, 
different initiatives have to be taken to jump-start the stagnant agriculture sector. This 
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initiative could be three fold: (a) Use technology together with newer cultivation 
techniques, (b) Water management with harvesting excess Monsoon rainwater in the 
North and transporting it to the parched West and South, (c) Ensuring a better return 
to the farmers, (Sud, 2006). 
151 
Chapter - 7 
Food Security and 
Livestock Revolution in 
India 
Chapter 7 
7.1 Livestock Revolution in India 
A revolution is taking place in global agriculture that has profound 
implications for our health, livelihoods, and environment. Population growth, 
urbanization, and income growth in developing countries are fueling a massive global 
increase in demand for food of animal origin. The resulting demand comes from 
changes in the diets of billions of people and could provide income growth 
opportunities for many rural poor. It is not inappropriate to use the term "Livestock 
Revolution" to describe the course of these events in world agriculture over the next 
20 years. Like the well- known Green Revolution, the label is a simple and convenient 
expression that summarizes a complex series of interrelated processes and outcomes 
in production, consumption, and economic growth. As in the case of cereals, the 
stakes for the poor in developing countries are enormous. And not unlike the Green 
Revolution, the "revolutionary" aspect comes from the participation of developing 
countries on a large scale in transformations that had previously occurred mostly in 
the temperate zones of developed countries. But the two revolutions differ in one 
fundamental respect: the Green Revolution was supply- driven, whereas the Livestock 
Revolution is driven by demand, (Delgado et al, 1999). The Livestock Revolution is 
most evident in China, India and Brazil because of the sheer size of these countries. 
While China and Brazil have a dominant role in meat production as part of this 
Livestock Revolution, the revolution will not be limited to China and Brazil, and 
extends beyond the meat market. The example of India is a case in point. The near 
doubling of aggregate milk consumption as food in India between the early 1980s and 
late 1990s suggested that the Livestock Revolution goes beyond meat production and 
consumption. 
The importance of livestock in India's economy can be gauged from the fact 
that 90 million farming families, cultivating 140 million hectare area, rear 90 million 
animals. Of the total households in the rural area, about 73 percent own livestock. 
More importantly, small and marginal farmers account for three quarters of these 
households. Income from livestock production accounts for 15-40 per cent of the total 
farm household's income in different states. Livestock production is an important 
source of income and employment in the rural sector. (World Bank, 1998). The 
livestock and poultry sector with an annual growth rate of more than 4 percent is a 
promising area to improve the economic condition of small, marginal and landless 
farmers who owned around 80 percent of the livestock. It acts as a supplementary and 
complementary enterprise. Livestock is also important as a part of agriculture 
diversification and income enhancement, and crucial for nutrition enhancement. 
Rising Demand of Livestock in India 
When incomes begin to rise in traditional low-income societies, one of the 
first things people do is diversify their diets, consuming more livestock products, 
(Brown et al., 1999).Bennett's Law prediction in the economic theory of consumption 
also suggested that as income grows the dietary pattern becomes more diversified 
with better quality (higher price) of food staples. This desire is inherent among most 
populations of the world. This general phenomenon creates three stylish archetypical 
consumption bundles according to the level of income per capita. The first bundle 
occurs at lower per capita income levels where grains dominate. The second bundle 
occurs at mid-range per capita income levels where animal (livestock and fish) 
products dominate, followed by grains. The third bundle occurs at higher per capita 
income levels, where animal products prevail followed by other food products, then 
horticulture and vegetable products, and finally, grains. In other words, demand for 
animal products increases while demand for grains as food decreases as per capita 
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income grows. The stylish path of dietary change explains why demand for livestock 
and fish products in Asian developing countries has been increasing rapidly in recent 
years, ( Hutabarat, 2002). A document of the International Food Policy Research 
Institute (IFPRI) attributes the increase in demand for fruits, vegetables and animal 
products to both income growth and shifts in taste and preference, (Oshaug and 
Haddad, 2002). For developing countries as a whole, total meat consumption grew 5.4 
percent per year and total milk consumption grew 3.1 percent in the period 1982 to 
1994. In India, total meat consumption grew 3.6 percent per year, while in the rest of 
South Asia it grew by 4.8 percent during the same period, (FAO, 1998; Delgado et al., 
1999). The dramatic increases in the total consumption of animal food products 
throughout developing countries are caused by rapid population growth coupled with 
increases in per capita income that result in more diversified food . Agriculture 
diversification in India is steadily accelerating towards high value crops and livestock 
activities to augment form income, (Joshi et al., 2004). Some of the factors that 
influence the nature and pace of agricultural diversification from staple food to high 
value crops are technological change in crop production, improved rural 
infrastructure, and diversification in food demand, (Pingali and Rosegrant, 1995). In 
Indian context, the nature of agricultural diversification differs across regions due to 
wide heterogeneity in agro-climatic and socio-economic condition. Generally, the 
patterns of agricultural diversification show a shift from crop production to livestock 
production during 1980s and 1990s, (Joshi et al., 2004). 
7.2 Drivers of Livestock Demand in India 
7.2.1 Population Growth 
Population growth in rural and urban area will be the key determinant of 
growth in demand for food in the country in coming decades, (Dyson and Hanchate, 
2000). India's population of 895 million in 1991 was nearly twice as large as 20 
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years ago, and three-times of its size at independence. During the past two decades, 
the growth rate has been slowing down, from 2.1 per cent per annum during the 1980s 
to 1.9 per cent in the 1990s. Most experts expect the growth rate to slow down even 
further during this century, but the population in number has already reached 1 billion 
in the year 2000. For our analysis, we have taken the population projections by 2020 
as per the report of "Technical Group on Population Projections", (Government of 
India, 1996). 
Table!: 
Year 
1993 
2000 
2010 
2020 
Projections of Populations in 
Rural 
658.5 
715.9 
796.9 
871.8 
India by 2020, (million). 
Urban 
236.7 
286.2 
371.1 
470.4 
Total 
895.2 
1002.1 
1168.0 
1342.2 
Source: Government of India (1996) 'Technical report on Population Projections.' 
7.2.2 Rate of Urbanization 
Urbanization is an important factor for estimating future food demand of the 
country as it affects food demand and change in consumption pattern in several ways 
by affecting caloric requirements, food availability, and female labor status impacts 
the structure of food consumption. Dyson and Hanchate (2000) suggest that urban 
dwellers have access to a wider variety of food basket and other goods and their 
lifestyle generates higher demand for processed foods. Urbanization, associated with 
economic development and income growth, has already largely occurred in developed 
countries, while continuing strongly in developing countries. Thus any attempt to 
make food demand projection without taking urbanization scenario into account 
would not give a correct picture. In modern times, urbanization appears to have a 
greater impact on composition rather than the over all level of per capita food 
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consumption. For example, an empirical study using 1960-1988 data illustrates that 
urbanization leads to significantly reduced urban demand for cereals in higher income 
Asian countries. Other data indicate greater meat, fruit, and vegetable consumption in 
urban areas, (Huang & David, 1993). 
The United Nations estimates indicate that at mid 1990s, about 43 percent of 
the world population lived in urban areas. With the urban population growing two and 
a half times faster than its rural counterpart, the level of urbanization crossed the 50 
per cent mark in 2005. United Nations projections further show that by 2025, more 
than three- fifth of the world population will live in urban areas, (U. N. 1993). 
Volume and Trends of Urbanization in India 
India shares most characteristic features of urbanization in the developing 
countries. Percent of population residing in urban areas has increased from 10.8 
percent in 1901 to 26.1 percent as per 2001 census. India is at acceleration stage of the 
process of urbanization, (Figure, 1). 
Figurel: Trends of Urbanization in India from 1901 to 2001. 
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Source: Government of India, 2001. 
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Table 2: Urbanization projection in India by 2020. 
Studies Percent of Urban Population 
Kumar (1998) 315 
Bhallae?a/. (1999) 35 
Bansil(1999) 40 
UN projection 1995 39.2 
Source: Kumar 1998; Bhalla et, all999, Bansil 1999, UN Projection 1995. 
Several researchers have estimated different rate of urbanization and they used 
it for the food demand projection for India as a whole. For instance Kumar (1998) 
assumes that about 32.5% population would live in urban area in 2020. Bhalla et al. 
(1999) used Government of India's estimate of 35% of the total population would live 
in urban area in 2020 whereas Bansil (1999) assumed that about 40%) of the India's 
population would live in urban area in 2020. As per UN projection, about 39.2%) of 
the population will be live in urban area in 2020, (Table 2). Consumers in urban areas 
are more likely to diversify their diets into meat and milk, (Huang and Bonis 1996; 
Anderson et al. 1997). The level and rate of urbanization will have important 
commodity impacts. This and other changes in consumption patterns brought about by 
urbanization can significantly affect food demand - supply, markets, and trade. 
7.2.3 Growth in Per Capita Income 
With the economic liberalization, which started in the mid 1980's, India's per 
capita GDP increased rapidly in the last decade, by 3.2 percent annually in the 1990's 
against 1.0 and 3.2 percents in the 1970's and 1980's. Indications are that it will grow 
further, and the International Food Policy Research Institute, (Rosegrant et.al, 1995) 
projects that India's per capita GDP will increase at 5 to 6 percents annually over the 
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coming decades. Economic growth may have some influence on the future food 
demand projection, in that, higher incomes may increase the demand for non-cereal 
based food products like fruits, vegetables and animal based products viz., milk, eggs, 
fish and meat. Economic growth will also help to facilitate the supply of such foods. It 
may increase the demand of non-food items and change in tastes and lifestyles will 
influence overall food demand of the country. The review of economic performance 
in the major states indicates that for pre-reform (1980-81 to 1990-91) and post-reform 
(1991-92 to 1997-98) periods, the average growth rate of per capita state domestic 
product rose from 3.03% to 4.0% per annum,(Dyson and Hanchate, 2000). The World 
Bank has projected average per capita income growth of 4.4% per year at aggregate 
level for India. Analysis shows that per capita Net State Domestic Product (NSDP) at 
constant price (at 1980-81 prices) is growing with a compound growth rate of 3.09% 
per annum during 1980-81 to 1997-98 at aggregate level. 
7.2.4 Change in Consumption Pattern 
The long term National Sample Survey (NSS) data on food consumption 
pattern suggests that there has been decline in per capita cereal consumption since 
early 1970s, (Chatterjee, et.al. 2006, Bansil, 1999, Kumar, 1998, Kumar and Mathur, 
1997, Radhakrishna and Ravi, 1992). Decline in per capita cereal consumption is 
partly explained by the wide selection of food items like milk and milk products, 
meat, fish and eggs, fruits and vegetables etc. Besides this, change in the lifestyle of 
the peoples - such as reductions in physical labour (in rural areas) and less time 
available for food preparation (in urban areas). The poorest sections of population 
have experienced modest increases in their cereal consumption level but they may 
also switch over to other food items with increase in their earnings. 
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These trends indicate that the composition of nutritional intake in India is 
changing fast. Increasing income and urbanization demand more non-food grain 
products in the diet. The food grain consumption per person is decreasing in both 
rural and urban population and the non-grain crops and animal products (dairy and 
poultry) are increasing their share of the daily nutritional intake. It is generally 
recognized that the income and urbanization are two major drivers of changing 
consumption patterns. Many of the developing countries are in this category, and, we 
assume that India is no exception to this changing global pattern. In fact, even in 
India, there is a clear sign of increasing calorie intake of non-grain crops and animal 
products. Many studies illustrated the emerging food consumption patterns in India, 
(Bansil, 1999; Kumar, 1998; Kumar and Mathur, 1997 and Radhakrishna and Ravi, 
1992). They noted that there has been a clear shift in recent decades from the grain 
consumption to non-grain food and animal products consumption. This decline is due 
to various reasons, including income growth and urbanization and associated changes 
in life styles, changes in relative prices and the availability of nongrain food etc. 
Table 3: Calorie Intake of the Grains, Non-Grains and the Animal Products 
Food Categories. 
Year 
1980 
1985 
1990 
1995 
2000 
%G, %> 
Developed countries 
Total % % % 
kcal ^ NG AP 
3217 32 40 28 
3261 31 40 29 
3289 31 40 28 
3199 33 40 27 
3275 32 42 26 
JG, %AP are calorie supply 1 
Developing 
Total % 
kcal 
2308 64 
2444 64 
2520 62 
2602 59 
2654 56 
r^om grain, non-
countries 
% % 
NG AP 
27 9 
27 9 
27 10 
29 12 
31 13 
grain and anim 
Total 
kcal 
2082 
2229 
2366 
2399 
2413 
al prod 
India 
% % 
^ NG 
71 22 
69 23 
69 23 
67 25 
63 28 
uct food catCE 
% 
AP 
6 
7 
7 
7 
8 
'ories 
as a percents of total calorie supply 
Source: FAOSTAT database (FAO 2005a). 
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7.3 Elasticity of Demand of Livestock 
In the low-income countries, the demand for livestock products is more elastic 
than the demand for cereals. This implies that with the rise in per capita income, the 
demand for livestock products would rise faster in the third world countries. The 
demand for livestock products in India is highly income and price elastic while supply 
for these products is also highly price elastic. The income elasticity of demand for 
milk has been estimated as 1.36 for rural households and 1.07 for urban households. 
The demand for beef and buffalo meat, chicken and egg has been found to be more 
elastic in rural households (ranges from 0.74 to 2.35) than in urban households 
(ranges from 0.57 to 1.24). Interestingly, the income elasticity for mutton and goat 
meat has been found to be more elastic (3.19) in urban households, as compared to 
rural households (0.52). This implies that mutton and goat meat have higher demand 
in the urban areas, ( Dastagiri, 2004). 
7.3.1 Expenditure Elasticity 
The expenditure elasticities for livestock products are high, particularly in the 
rural areas than in the urban areas. It implies that increase in per capita income of 
rural population would accelerate the demand for livestock products. The expenditure 
elasticities of livestock products are higher than other food expenditure elasticities. 
This implies that there is a shift in the consumption pattern towards livestock products 
and this would lead to diversification of agriculture. Further, growth in per capita 
income, urbanization and shift in consumption pattern towards livestock products 
would lead to acceleration in demand for livestock products and this would in turn 
give a boost to this sector. Hazell and Bhalla (1996) reported that the demand for 
livestock products in India is highly income elastic. They had estimated the 
expenditure elasticity for milk and milk products range from 1.14 to 1.47 for rural 
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households and 0.61 to 1.09 for urban households. The demand for meat, fish and 
eggs is more elastic in rural households (0.92-1.18) than urban households (0.54-
0.88). The expenditure elasticities for livestock products are high with tilt in favour of 
rural areas compared to urban areas. It implies that increase in per capita income of 
rural population would lead to acceleration in demand for livestock products. 
Table 4: A Comparison of Differences in Elasticities of Livestock Products in 
Rural and Urban India. 
Category 
Rural 
Urban 
Pooled 
Income elasticity 
High Inelastic 
elastic(>l) (0-1) 
Milk M&G 
Chicken B&B 
Egg 
Milk B&B 
M&G Chicken 
Egg 
Milk B&B 
M&G 
Chicken 
Egg 
Price Elasticity 
High Inelastic 
elastic(>l) (<1) 
Milk Chicken 
B&B M&G 
Egg 
Milk B&B 
Egg Chicken 
Milk B&B 
Egg Chicken 
M&G; Mutton and Goat Meat 
Source: Dastagiri, 2004. 
B&B: Beef and Buffalo Meat 
A comparison of differences in elasticities of different livestock products is 
shown in the above table. The milk, chicken, and eggs in the rural areas, and milk, 
mutton & goat meat and eggs in the urban areas were found to be highly income 
elastic. This implies that increase in consumer income can create more demand for 
these products. In all the three categories milk and eggs were found to be price elastic, 
(Table 4). 
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7.3.2 Increased Expenditure of Livestock Products in India 
There is evidence to suggest that Indians have begun to consume less food 
grains per capita by substituting a wider variety of foods. This downward shift in 
demand for food grains can basically be attributed to changing consumer tastes and 
preferences as a result of increasing availability of a wide variety of food items other 
than food grains, (Rao et.al 1994). Data from National sample survey organization 
(Government of India) show that the upward trend in expenditure on livestock 
products is at the expense of reduction in expenditure on foodgrain. While the share 
of expenditure of food grains both in rural and urban areas of India decreased from 
55.34 and 38.75% to 38.7 and 28.94% respectively, the share of expenditure on 
livestock products increased from 16.17 and 21.67% in rural and urban areas to 21.45 
and 24.94% respectively between 38"^  and 61st round of the National Sample Survey. 
Table 5: Share of Expenditure on Food grains, Fruits/Vegetables, Milk, Meat 
Egg and Fish in Total Food Expenditure. 
NSS Round 
38"" round 
43"' round 
50"" round 
55"^  round 
61''round 
Expenditure on 
foodgrains 
Rural Urban 
55.34 38.75 
47.81 33.16 
44.78 33.16 
44.11 31.81 
38.7 28.94 
Expenditure on 
Fruits and 
Vegetables 
Rural Urban 
9.30 21.01 
10.63 13.83 
12.18 14.99 
13.30 15.59 
14.55 15.76 
Expenditure on 
Milk, Meat Egg and 
Fish 
Rural 
16.17 
16.01 
18.59 
20.25 
21.45 
Urban 
21.67 
21.66 
23.23 
24.13 
24.94 
Source: Author's calculation from various NSS rounds 
These trends suggest that as far as consumption of foods of animal origin is 
concerned the consumption patterns of rural and urban people will be heading towards 
a convergence. That means the growth in demand for food of animal origin is likely to 
be higher in rural areas, (Table 5). Several studies indicate that sustained growth in 
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per capita incomes and increasing urbanization will fuel further growth in demand for 
animal food, (Bhalla et al, 1999). 
7.4 Demand Projections of Livestock in India 
The demand projections for livestock products corresponding to 5 percent 
GDP growth rate, generally regarded as closer to the realistic situation. The estimated 
consumption in the year 1993 was of 45.02 million tones milk, 0.78 million tons 
mutton and goat meat, 0.49 million tons beef and buffalo meat and 0.25 million tons 
chicken and 0.54 million tones eggs. In the year 2020, the demand would reach 
147.26 million tons for milk, 12.72 million tons for mutton and goat meat, 1.15 
million tones for beef and buffalo meat, 0.81 million tones for chicken and 2.58 
million tons eggs. From 1993 to 2000, the consumption has increased at an average 
growth rate (weighted) of 4.48 per cent for milk, 9.46 percent for mutton and goat 
meat, 3.32 percent for beef and buffalo meat, and 4.6 percent for chicken, 6.02 per 
cent for eggs. During 1993-2020, the average growth rate (weighted) for the total 
domestic demand of milk has been found to be 4.9%. It is 13.7% for mutton and goat 
meat, 3.5%) for beef & buffalo meat, 4.8%) for chicken and 6.2%) for eggs. These 
growth rates indicate that the meat industry has bright prospects in the country, 
(Dastagiri, 2004). Several empirical studies have revealed that a structural shift is 
taking place in food consumption towards livestock products. Indications are there 
that the shift would continue and intensify further with increase in per capita income 
and rapid urbanization. Trade liberalization may further accelerate the growth in 
demand for livestock products. These emerging scenarios would have considerable 
bearing on future demand and supply patterns of livestock products, (Huang and 
Bouis 1996). The economic forces driving growth in meat demand have been quite 
robust in the recent past and are unlikely to subside in the near future. If these trends 
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are to continue the demand for meat is expected to rise to 8 million tonnes in 2020, 
(Delgado et al, 1999). 
Table 6: Demand Projections for Livestock Products by 2020 in India by 
Different Studies (Million tones). 
Livestock 
Products 
Milk 
Chicken 
Meat and Egg 
World Bank 
Projections 
1999 
at 5%GDP 
497.01 
1.35 
-
Kumar's 
Projection 
1998 
at 5%GDP 
143 
-
7.8 
Dastagiri's 
Projections 
2004 
at 5%GDP 
147.21 
0.8 
17.26 
Hazell and Bhalla 
Projections 
1996 
at 5.5%GDP 
497 
1.4 
-
Source: World Bank 1999, Kumar 1998, Dastagiri 2004 and Hazell and Bhalla 1996. 
Several studies on demand projections for livestock products for India are 
shown in table 6. The domestic demand estimates given by Kumar (1998), at 5% GDP 
growth rate indicates that 143 million tones milk and 7.8 million tons meat and eggs 
will be required by 2020.These projections are nearer to the estimates of Dastagiri's 
projection in case of milk but lower in case of meat and egg. This could be due to low 
expenditure elasticities used for meat and egg in Kumar's projection. Contrastingly, 
projections by Hazell and Bhalla (1996) on the higher side in the year 2020 in case 
of milk. In case of chicken, their projections are nearer to the estimates of Dastagiri's 
projection. The Dastagiri's projection estimates that in the year 2020, the demand will 
reach 147 million tonnes milk, and 16.45 million tons for meat and egg but it is very 
different from World Bank and Hazell and Bhalla's projection of milk. The demand 
projections of Dastagiri's study seem to be closer to reality as these projections also 
account for regional variations in consumption pattern. A sustained economic growth 
and steady increase in per capita income are expected to substantially boost the 
demand for livestock products. Urban consumers have greater food choices and more 
diverse dietary and cultural influences than those typically found in rural areas. The 
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two key messages of the data and analysis summarized in this chapter are that animal 
food product demand has increased dramatically in the past and that it is very likely to 
increase in the future, (Table 6). 
7.5 Prospects of Supply of Livestock in India 
With a population of more than one million, India is the second most populous 
country in the world after China, (UN, 1996). Furthermore, population growth in 
India continues to be high and India's population is likely to exceed China's by 2020. 
Like China more than a decade ago, India is in the midst of major economic reform. If 
it succeeds, incomes in India will rise much faster than they have in recent decades, 
with profound effects on food demand and food security. In the IMPACT baseline 
scenario, India is projected to have an average annual economic growth rate of 5.5 
percent during 1993-2020.Given the extremely low initial levels of livestock 
consumption in India, rapid growth in absolute demand for livestock would require a 
dramatic change in eating patterns. In a scenario modeling the effects of such a 
change in Indian diets, India's demand for meat products is forecast to increase almost 
10-fold from 3.8 million tons in 1993 to 36.4 million tons in 2020. This increase in 
demand would have to be met through trade, as meat production is not projected to 
increase beyond the 8.5 million by baseline scenario for 2020. India's projected net 
meat imports of 28 million tons under this scenario are a far cry from the less than 0.5 
million tons forecast in the baseline scenario. This increase in Indian net imports 
would increase world meat prices by 21 percent in 2020 relative to the baseline 
scenario and by 13 percent relative to 1993, (Delgado, et. al, 1999). If India attempts 
to meet potentially large increases in livestock demand through domestic livestock 
production rather than imports, thereby raising demand for feed grain, implications 
for global livestock and cereal trade and prices would be dramatically different from 
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those predicted by the scenario that relies primarily on livestock imports to meet 
demand. 
7.6 Demand For Feed Stuffs And Feed Crops 
In India demand for livestock products are increasing over the period of time 
due to different social and economic reasons as discussed in the beginning. The 
livestock population in India is the largest among the countries of Asia and the 
Pacific. It shows a growing trend over the next ten years. As meat demand increases, 
feed grain utilization also increases because feed grains are raw materials for animal 
feed. To meet the demands of an increasing number of livestock and also their higher 
productivity, feed resources have to be augmented. The major components of animal 
feed are maize, sorghum, pearl millet, minor millets and barley, besides the broken 
grains of rice and wheat and also the wheat and rice bran that is derived from the 
processing of wheat and pulses from the mills. Of the total coarse cereals maize 
accounts the largest share. During the past 50 years, the share of production of coarse 
grains in the total grain production has been declining in India. For maize however, it 
has been showing a steady increase up to 1970 after which, it almost stabilized with a 
slight increase after 1990. This has been mostly due to the increase in the irrigation 
potential, which has contributed to a change in land use. India's production of these 
cereals is stagnating at around 30 million tons, which is less than 3 percent of the 
world's production. At present, the country faces a net deficit of 61.1 per cent in green 
fodder, 21.9 percent in dry crop residues and 64 per cent in feeds. Around 80 percent 
of the livestock are in marginal, small and medium holdings, having 53 percent of the 
operated area. The majority of livestock owners are below the poverty line. Average 
herd size per farm is 3.7 heads of cattle and buffalo, (Pathak, 2001).The expected rise 
in milk yield may be sufficient to meet the demands for milk and milk products of the 
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growing population. However, tlie projected deficits of animal meat will require 
larger emphasis on boosting their productivity through breed improvement and 
feeding. The increased poultry farming will require added input of grains in the feed. 
It is noteworthy that maximum demand is for cattle followed by buffalo and poultry 
which require adequate and improved feed grains. 
Table 7: Growth Rates of Major Feed Crops in India in 1990s and 2000-06. 
Commoditv 
Rice 
Wheat 
Coarse Cereals 
Total Cereals 
Area 
1990s 
0.56 
1.30 
-2.11 
-0.12 
2000-06 
-0.33 
1.30 
-0.88 
-0.06 
Yield 
1990s 
1.31 
0.48 
1.40 
2.05 
2000-06 
1.32 
-0.49 
1.73 
0.96 
Production 
1990s 
1.90 
3.31 
-0.75 
1.94 
2000-06 
1.26 
1.04 
1.40 
1.20 
Source: Authors Calculation from RBI statistics on agriculture, 2006-07. 
Table 7 shows that after the period of economic reforms the growth rate of 
yield of major coarse cereals increased from 1.40 percent to 1.73% but this increase is 
not sufficient enough to feed the growing population of livestock in future, and if this 
trend continues then India must have to import feed grain to meet the demand of 
livestock, (Table 7). 
7.6.1 Projected Cereal Feed Use by 2020 
Cereal use as feed is expected to increase over the period of time. Globally, 
928 million metric tons of cereals would be required as feed in 2020 as compared to 
the 636 million metric tons in the early 1990s that is an addition 292 million metric 
tons of feed grain with compound growth rate of 1.41 percent annually will be 
required to reach the target. Most of the demand will occur in developing countries 
that is 215 million metric and 77 million metric tones in developed countries. If we 
take the figure of India we find that India is projected to increase cereals use as feed 
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to 14 million metric tones in 2020 as compare to 3 million metric tones in 1993 that is 
an increase of 366.6% or a compound growth rate of 5.81 percent annually, (table 8). 
As output of livestock products grows, animal production methods and feeding 
patterns are shifting rapidly. Grazing systems are rapidly diminishing in importance 
through out the world. Land available for grazing is caught in a squeeze. Urbanization 
and crop production are encroaching on traditional grazing areas. Preservation efforts 
are limiting expansion of grazing operations into virgin areas. The increase in grain 
use as feed will be met primarily through expansion of yields in the traditional 
exporting countries and expansion of cultivated area in developing countries and also 
in India. 
Table 8: Projected Trends in Use of Cereals as Feed, 1993-2020. 
Region 
China 
India 
Developing World 
Developed World 
World 
Projected annual 
growth rate of 
total cereal use as 
feed 1993-2020 
(%) 
3.4 
5.2 
2.8 
0.6 
1.4 
Total cereal use as 
feed (million 
metric tons). 
1993 2020 
84 178 
3 14 
194 409 
442 519 
636 928 
Per capita cereal 
use as feed 
(kilograms) 
1993 2020 
62 125 
4 11 
45 65 
346 374 
115 120 
Source: Delgado et. al., 1999. 
7.7 Measures for Closing Supply And Demand Gaps 
The current requirement of animal feed is estimated at 117.44 million tons for 
all species of livestock, including poultry, and is increasing at a rate of 2.62 per cent. 
The present level of production is estimated at 41.96 million tons thus showing a 
deficit of 64.27 per cent (Planning commission discussion papers 2001). This gap is 
likely to continue. With the increasing potential in the poultry and dairy sector, the 
future demand for compounded feed is expected to grow at 12 per cent. As Indians 
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consume more and more livestock products like milk, meat, and eggs, the country's 
demand for cereal could soon outpace supply. This increase could significantly impact 
the world's cereal markets, as well as India's own trade deficit. It portrays the 
likelihood of this supply-demand imbalance over the next two decades as an 
opportunity for India's decision-makers. But cereal shortages and trade imbalances 
can be avoided if India adopts appropriate agricultural policies. "With the right 
policies and investments, the government could reduce the cereal gaps to manageable 
proportions," creating additional rural income and employment and reducing 
poverty", (Hazell,1999). The growth of production of maize, which is a very 
important cereal used as feed increased by 2.33 per cent per annum during the eighties 
accelerated to 2.92 per cent per annum during the nineties. The marginal improvement 
in the rate of growth of output was due to the expansion in area from (-) 0.1 per cent 
per annum during the eighties to 0.74 per cent per annum during the nineties. The 
growth of productivity, on the other hand, has slightly decelerated from 2.42 per cent 
to 2.16 per cent between these two periods. It is expected that the hybrid technology 
and winter maize have a high potential for production improvement. It is primarily 
consumed for poultry feed (40 per cent), human food (36 per cent), livestock feed (12 
per cent), starch (10 per cent) and seed (2 per cent). For example, the Quality Protein 
Maize (QPM) has very high potential for improving the nutritional balance in humans 
and animals. It urges the Indian Government to complete the policy reforms begun in 
the early 1990s by further liberalizing domestic markets, foreign trade, and agro-
industry. Reforms and more investments in research and development and 
infrastructure-especially in rainfed areas-will improve trade for many farmers and 
encourage greater cereal and livestock production. 
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Chapter - 8 
Impacts of Food 
Insecurity: HIV/AIDS 
Chapter 8 
8.1 HIV/AIDS 
The problem of food insecurity is not a single headed problem. The food 
insecurity that haunts a large part of humanity relates to a wide range of deprivations. 
The connections between different types of deprivation are not only biological, (e.g. 
between illness and under nutrition) but also economic and social, (e.g. between 
unemployment and illness), (Dreze & Sen, 2006). Hunger is a problem that will lead 
to other problems in the future, one important is the problem of HIV/AIDS. The fact 
is that although the poverty ratio decreased over the period of time from 56.7 percent 
in 1973-74 to 27.5 percent in 2004-05. The absolute number of poor does not decline 
to that extent and the reason is very obvious of increasing population. This chapter 
analyzes the repercussion -of food insecurity on HIV/AIDS which in the long term 
may cause panic in all developing countries including India where large number of 
poor people resides and almost 65 percent of total population depends on agriculture 
for their livelihood. The majority of people living with HIV/AIDS in India are from 
rural areas (57 percent in 2005), (NACO, 2006a). Because of this, the problem of food 
security and hunger in India needs additional attention by the policy makers of India. 
AIDS (Acquired Immunodeficiency Syndrome) is an extraordinary kind of 
crisis, it is both an emergency and a long-term development issue, the greatest threats 
to global development and stability and a long-term humanitarian crisis of 
unprecedented proportions. The nature and effects of AIDS are unique in the sense 
that the epidemic remains extremely dynamic, growing and changing character as the 
virus exploits new opportunities for transmission, (Peter Plot, et.al, 2001). Since the 
epidemic started, more than 60 million people worldwide have been infected with the 
virus, 20 million deaths since the first AIDS diagnosis in 1981, spreading in the world 
at the rate of one new infection every fifty second, no region of the world has been 
spared, and further it is not confined to any one class, community, religion, age- group 
sex or profession, ( Gillespie & Kadiyala, 2005). HIV/AIDS is a long-wave crisis, but 
it is often not realized that there are several waves, (Barnett and Whiteside 2002). The 
first is the wave of HIV infection, followed by a wave of opportunistic infection, the 
most common one being tuberculosis. This is followed with a 3-8 year lag, by the 
third wave, of AIDS illness and death. And finally there is the wave of impacts at the 
household, community and national levels. A few countries are over the peak of the 
first wave including Uganda, Thailand and Brazil. But no country has yet reached the 
crest of the third wave and the fourth wave is only just beginning for the majority of 
affected countries. This fourth wave, which may include social and political 
destabilization, will engulf countries for decades to come. It will demand massive 
responses at many levels, (Gillespie & Kadiyala, 2005). It is the fourth largest cause 
of mortality worldwide; ranking just below heart disease, cerebo-vascular disease and 
acute lower respiratory tract infections, (WHO, 2000).Thus the death and misery it 
has caused in the past 20 years dwarfs all of the natural disasters that have occurred in 
that time combined. India has the second highest number of HIV infected persons in 
the world, in absolute terms. We should take responsibility and act since when it 
comes to AIDS silence means death, (Kofi Annan, 2005). 
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Table 1: Global Sun 
No. of People 
Living with AIDS 
in 2007 
People newly 
infected with HIV 
in 2007 
AIDS death n 2007 
nmary of the AIDS Epidemic, 2007 
Adults Women Children 
Under 15 Yrs 
30.8( million) 15.4( million) 2.5( million) 
2.1 (million) — - 420,000 
1.7 (million) 330.000 
Total 
33. 2 (million) 
2.5( million) 
2.1( million) 
Source: AIDS Epidemic Update, Global Overview, UNAIDS/WHO, 2007. 
The HIV/AIDS pandemic is a global crisis with consequences that will be 
felt for decades to come. The ability of households and communities to ensure their 
food and nutrition security in the face of AIDS is being severely challenged. 
Livelihoods are being eroded through the effects of premature illness and death on 
household labor power and through the fracturing of intergenerational strain by HIV-
related stigma and exclusion, increasing orphaning rates, and reduced incentives for 
collective action, (von Braun, 2005). 
Table 2: Incidence of AIDS: Regionwise. 
Region/Country 
Sub-Saharan 
Africa 
Caribbean 
Eastern Europe 
& Central Asia 
Western& 
Central Europe 
Adults & 
children 
living with HIV 
22.5 million 
230,000 
1. 6 million 
760,000 
Adults and 
Children Newly 
Infected with 
HIV/AID in 2007 
1.7 million 
17,000 
150,000 
31,000 
Adult & child 
deaths 
due to AIDS 
1.6 milHon 
11,000 
55,000 
12,000 
Adult 
prevalence 
(percent)* 
6.1 
1.6 
0.8 
0.3 
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North America 
South & 
East Asia 
TOTAL 
India* 
South 
1. 3million 
4.0 milUon 
33.8 million 
5.1 million 
46,000 
340,000 
— 
0.9 
21,000 
270,000 
2.8 million 
0.8 
_ 
1.0 
* Figures of 2005. 
Source: Report on Global AIDS Epidemic 2006. UNAIDS/WHO and Global AIDS 
Epidemic Update 2007. (UNAIDS/WHO). 
Sub-Saharan Africa remains the worst affected region, with 22.5 million 
people living with HIV at the end of 2007, (AIDS Epidemic Update, 2007). 
HIV/AIDS is spreading dramatically in Asia, and Asia will overtake Sub- Saharan 
Africa in absolute numbers before 2010, and by 2020 Asia will be the HIV/AIDS 
epicenter, ( UNAIDS, 2006a) .Within Asia, India has the highest number of people an 
estimated 5.1 million people living with HIV/AIDS between age group 15-49 year, 
(NACO, 2006). HIV/AIDS prevalence among adults in India is still relatively low, at 
0.9 percent, (NACO, 2006a and UNAIDS 2006). Naturally, India is considered to be a 
"next wave" country that is, it stands at a critical point in its epidemic, with HIV 
poised to expand, (CSIS, 2004 and Chandrasekaran et, al. 2006). As the second most 
populous nation in the world, even a small increase in India's HIV/AIDS prevalence 
rate would represent a significant component of the world's HIV/AIDS burden, (CIA, 
2006). 
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Figure 1: India as Percent of World Population and Global and HIV/ AIDS 
Prevalence, 2005. 
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2. NACO, (2006a). 
India accounts 20 percent of the global population, by comparison India 
accounts for 75 percent of HIV/AIDS prevalence in South/South East Asia and 15 
percent of global prevalence, (figure 1). These figure shows that the problem of 
HIV/AIDS is of great emergency in India and if action is not taken properly, the 
situation will become even worse. 
8.2 AIDS Situation in India: HIV Trends, Risk Factors and Growth 
Since the first case of HIV was identified in India in 1986, the number of HIV-
infected has multiplied alarmingly. In 2005, approximately 5.1 million people with a 
national prevalence level of 0.9 percent of the adult (15-49 years) population were 
living with HIV/AIDS. Thus, India carries approximately 15 percent of the world's 
HIV/AIDS burden, a total second only to that of South Africa, (UNAIDS, 2006; 
NACO, 2006a). For every one HIV-infected person reported, there are up to 20 that 
go unreported. The estimated prevalence is roughly double in the southern states. 
Andhra Pradesh, Karnataka, Maharashtra and Tamil Nadu, and the north-eastern 
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States of Nagaland and Manipur together comprise over 75 percent of all infections, 
even though they have less than 30 percent of the adult population. 
Figure 2: Incidence of HIV/AIDS in India 
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Source: NACO, 2005. 
As far as the figure of 2006 is concerned there is no official estimate from the 
UNAIDS, but the new data given by more accurate estimates of HIV given by the 
recent, (National Family Health Survey 3, conducted in 2005-2006) indicates that 
approximately 2.5 million (2 million - 3.1 million) people in India were living with 
HIV in 2006, with national adult HIV prevalence of 0.36 percent. Though there is 
discrepancies in the data given by NFHS-3 and UNAIDS, the fact remains that this 
epidemic continues to affect large numbers of people in India. The revised estimates 
by NFHS-3 are based on an expanded and improved surveillance system, and the use 
of more robust and enhanced methodology. Over 1, 00,000 people were tested for 
HIV in the survey which was the first national population based survey to include a 
component on HIV. In addition, India has expanded its HIV sentinel surveillance 
system in recent years and the number of surveillance sites increased from 155 in 
1998 to 1120 in 2006, (NFHS-3, 2007). Data from pregnant women attending 
antenatal clinics, people attending sexually transmitted infections clinics and 
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population groups that are at a higher risk of exposure to HIV are included in the 
surveillance. 
Figure 3: Percentage Distribution of HIV/AIDS Infection by Age in India 
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Figure 3 shows that most of the people living with fflV/AIDS are within the 
age group of 15-49 year, the most productive years of any human life, so HIV/AIDS 
affects individual's food security which further increases people's vulnerability. Poor 
nutrition contributes to poor health, low labor productivity, low income, and 
livelihood insecurity. Becoming ill in this age group implies a negative impact on the 
socio-economic condition by impacting people's ability to produce adequate and 
nutritious food and/or engage in waged labor to purchase food. Households caring for 
an AIDS patient turn to a number of different coping strategies, most of which lead to 
less income and less food security. Children will be highly affected in different ways. 
Firstly more and more children became infected with this disease through mother to 
child transmission and secondly children became malnourished due to inadequate 
food and nutrition. In India 88.7 percent of the total infected people are from the age 
group of 15-49 years in 2006, and if we see the percent of child infection (< 15 years). 
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this figure is constantly increasing over the period of time. In 2002 children account 
only 3 percent of the total infected population, this figure increased to 3.4 percent in 
2004. There was some improvement in 2005 when the percent of child infection 
decline to 3.0 percent, as it was in 2002, but this trend did not continue long and the 
figure further raised to 3.8 percent in 2006, highest among all the previous years. 
Figure 4: The Vicious Cycle of HIV/AIDS and Malnutrition. 
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Source: Semba and Tang 1999. 
Malnutrition and food insecurity heightens susceptibility to HIV exposure and 
infection, while AIDS in turn exacerbates hunger and malnutrition. "Research and 
experience have confirmed that HIV/AIDS and food insecurity are increasingly 
entwined in a vicious cycle," (Gillespie, 2005).While HIV/AIDS has become a major 
cause of hunger, the reverse is also true. Hunger accelerates both the spread of the 
virus and the course of the disease. Hungry people are driven to adopt risky strategies 
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to survive. For people who have already been infected with HIV, hunger and 
malnutrition increase susceptibility to opportunistic infections, leading to an earlier 
onset to full blown AIDS, ( FAO 2003b). HIV/AIDS has direct impacts on nutrition 
for the individual, the household, and the community. HIV infection, compounded by 
inadequate dietary intake, rapidly leads to malnutrition. Persons living with HIV have 
higher than normal nutritional requirements that is up to 50 percent more protein and 
up to 15 percent more calories. Yet they are likely to suffer loss of appethe and 
anorexia, thus reducing dietary intake at the very time when nutritional requirements 
are greatest. Such interactions have grave consequences for the poor, who are more 
likely to be malnourished before they become infected. Malnutrition in turn shortens 
the asymptomatic period of HIV infection, hastens the onset of AIDS and ultimately 
death, and may also increase the risk of HIV transmission from mothers to babies. 
Conversely, food security might help cut into the vicious cycle and play a role as a 
social vaccine for AIDS prevention and control. The role of food security in shaping 
behaviors lies in strengthening the immune system, (Gillespie & Kadiyala, 2005). 
8.2.1 Understanding HIV/ AIDS in the Context of People's Livelihood 
The links between the HIV/AIDS pandemic and hunger is very close and are 
particularly acute in rural communities, where households are often dependent on 
agriculture for their livelihoods, both as a source of income and food. The structure of 
rural communities, the way they govern themselves, the livelihoods upon which their 
households depend, all affect the risks people face of being exposed to the HIV virus 
in the first place. Figure 5, depicts the dynamics of household and. community 
interactions with HIV/AIDS as an iterative cycle, with HIV/AIDS affecting, and 
being affected by, people's livelihoods. The risks people face of contracting HIV will 
be governed partly by the susceptibility of the livelihood system upon which they 
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depend. After HIV has entered a community, the type and severity of its impacts on 
assets and institutions is then governed by the vulnerability of the system. These 
impacts will in turn determine the responses that households and communities adopt 
to deal with this threat. These responses lead to certain outcomes, nutrition and food 
security being among them which themselves condition future susceptibility and 
vulnerability. And so the cycle turns. 
Figure 5: HIV/AIDS and People's Livelihood 
Susceptibility 
Vulnerabilitv of livelihood Svstems 
Effect on Assets "*" 
Effect on Institutions 
Human, Financial, Social, 
Natural, Physical 
HIV/ AIDS 
Community Based, Service 
Delivery, Participation 
Outcomes 
Nutrition, Food Security, Education, 
Community Cohesion, Income 
Vulnerable Groups-Orphans, Elderly 
and Youth Headed Households, 
Stigma and Discrimination 
Responses 
Individual, Household, 
Community 
Source: TANGO International 2002. 
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8.3 Factors Behind Risk Of Becoming Infected With HIV/AIDS Epidemic 
The factors behind HIV epidemic are closely associated with a number of 
development issues: poverty, food and livelihood insecurity, and inequality. Inequalities 
of several sorts are central to the risks people face, (Farmer, 1999). It is widely 
recognized that gender inequality is one of the key driving forces of the epidemic, putting 
women and girls at greater risk of being infected by HIV and increasing their 
vulnerability to the impacts of AIDS. Women are biologically, socio-economically, and 
socio-culturally at greater risk of HIV infection than men. As women draw their labor 
away from production because of their own or others ill health, there can be a profound 
impact on a household's agricultural production, food and livelihood security, and overall 
well-being. Mobility is another risk factor. Many of the points of intersection between 
households and services represent conduits for the spread of infection into or out of 
communities. Migration, an important consequence of unequal socioeconomic 
development between urban and rural areas, has been long known to be an important 
factor in HIV transmission, (Decosas and Adrien 1997, Whiteside et al. 2003, Hope, 
2001). In India, the primary cause of the spread of HIV/AIDS was found to be sexual 
contact (85.93 per cent) with other women and sex workers and the basic reason behind 
that is mobility and migration, followed by perinatal transmission that is from mother to 
child (3.62 per cent) and hence AIDS is affecting women and child in increasing 
numbers, (NACO, 2005). India is facing migration from rural to urban areas at a rapid 
pace also urbanizing rapidly, nearly one-third of the population now living in urban areas, 
(UNDP, 2003). A study of migrant workers in Mumbai (where 46 percent of workers 
are migrants) and Delhi (where 46 percent of workers are migrants) found that men not 
living with family were twice as likely to report visiting commercial sex workers as those 
living with families. The virus thrives in an environment of highly transient urban 
dwellers, (Hira et al. J 998, Bhattacharjee et al. 2000). 
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8.4 How HIV/AIDS Impacts Food Security 
The threat that HIV/AIDS poses for food security was first recognized in the late 
1980s and early 1990s, (Gillespie, 1989; Barnett and Blaikie, 1992). The relationship is 
bi- directional, vulnerability and food insecurity feed into the risk behavior that drives the 
AIDS epidemic, and the impact of AIDS exacerbates food insecurity which again feeds 
into risks, (Gillespie, 2005). Human capital is being eroded through the effects of 
premature illness and death on productive and reproductive labor and through the 
fracturing of intergenerational knowledge transfer. Social capital is being put under 
immense strain by HIV-related stigma and exclusion, increasing orphaning rates, and 
reduced incentives for collective action. Financial capital is being drawn down as 
expenditures for health and funerals increase, and as credit become harder to access. 
Physical and natural capital is being undermined as labor losses affect the ability to farm, 
to maintain common property resources, and as assets are sold off to raise cash. Every 
group interviewed [in a large Nairobi slum] listed lack of food as the most likely cause of 
non adherence to ARV drug therapy. One participant succinctly stated, "If you give us 
ARVs, please give us food, just food." There truly is irony in providing antiretroviral 
drugs to populations that lack access to safe water or food, (Marston and De Cock 2004). 
Some of the potential impacts of HIV/AIDS on food security are; (I) Decrease in land 
under cultivation, crop varieties cultivated, and livestock breeds raised. (2) Decline in 
yields due to labor and input shortages. (3)Increase in distress sales of livestock and other 
assets for treatment costs and/or burial (4) Decline in soil fertility over time; long-term 
conservation practices diminish. (5) Loss of parent-to-child transmission of agricultural 
and livestock knowledge and skills. (6) Decrease in capacity of men, women, boys, and 
girls to manage livestock resources. (7) Loss of productive time to care-giving, funeral 
attendance and mourning periods.(8) Break down in labour-sharing practices.(8) Decline 
in quantity and quality of food as productive members become sick or die and decline in 
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nutrition.(9) Rise in intalce of orphans and others who cannot participate in productive 
activities.(10) Increase in number of school-leavers, especially orphans taken in by 
guardians.(ll) Increase in financial burdens, e.g. reduced incomes, increase in medical 
costs, debts. (12) Reduction in remittances as workers return to their home village for 
care. (13) Increase in grandparent and child-headed households agricultural and extension 
services need to be adapted. (14) Increase in dependency ratios (number of dependent 
family members increases in comparison with productive members), children from cities 
are sent to extended family in rural area for care. (15) Increase in pressure on food 
reserves and decline in storage quality. (16) Rise in risky responses and coping strategies, 
e.g. women and girls engage in commercial sex work. 
Figure 6: AIDS, Food Crises and Famine. 
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Source: Gillespie and Kadiyala, 2005 
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Figure 6 depicts this relationship in another way, plotting HIV prevalence 
against acute food insecurity. The new - variant hypothesis would suggest that high HIV 
prevalence without acute food insecurity (top left) might undermine vulnerability over 
time, whereas acute food insecurity without high prevalence (bottom right) might still be 
managed with traditional coping strategies. The new-variant famine might be expected to 
materialize where high HIV prevalence and acute food insecurity coexist (top right). The 
figure also shows how this dangerous coexistence may be reached through two routes, 
which themselves may become increasingly intertwined, increasing HIV spread in a 
situation of acute food insecurity, and increasing food insecurity where HIV prevalence is 
high. 
Table 3: Showing HIV Prevalence and Food Insecurity 
Countries with 35 percent or HIV Prevalence Rate Percent of Food Insecure 
more undernourished (%) Adults (15-49 Yrs) Population 
Angola 3.7 38 
Burundi 3.3 67 
Central African republic 10.7 45 
Congo 5.3 34 
Dem. Rep. of Congo 3.2 72 
Eritrea 2.4 73 
Ethiopia 4.4 46 
Haiti 3.8 47 
Rwanda 3.1 36 
"Source: 1. The State of World's Children 2007 (UNICEF). 
2. The State of Food Insecurity 2006a (FAO). 
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It is not right to say tliat tiiere is direct relationship between HIV/AIDS and food 
insecurity but there is strong correlation between AIDS and food insecurity, well 
documented and corroborated by above table 3. The alarming spread of HIV/AIDS has 
made their struggle even more difficult, (Plot, et al, 2002). To achieve food security for 
all by 2020, we need to seriously address the impact of AIDS on food security in the 
broader context and at the various levels (micro and macro) of society, (Kisamba -
Mugerwa, 2001). 
Box 1: Illustrative Summary of Commonly Reported Impacts of HIV/ AIDS on 
Livelihood Assets, and Responses, at Household and Community Levels. 
Human 
Financial 
Household level 
Illness and/ or death of one or more 
household members. 
Change in the size and composition 
of households. 
Dependency ratio may be increased. 
Children orphaned by the epidemic. 
Temporary migration for wage 
work. 
Loss of farm and off-farm labor. 
Reduced time on domestic labor, 
including reduced quality and 
quantity of child care. 
Loss of agricultural knowledge, 
practices and skills. 
Reduced quality and quantity of 
dietary intake (when nutrient 
requirements may be higher). 
Increased malnutrition among adults 
and children (stunting, wasting). 
Reduction in income from farm and 
off-farm sources. 
Increased expenditure on health 
transport, funerals. 
Reduced expenditure on agricultural 
inputs e.g. fertilizer, seed etc. 
Liquidation of savings accounts sale 
Community level 
Increase in prevalence of illness and 
loss of significant. 
Proportions of the population. 
Increased prevalence of child 
malnutrition. 
Shortage of experienced labor in all 
sectors of the economy. 
Increase in the price of labor. 
Increase in the number of female, 
elderly, and child headed households. 
Increase in the number and rate of 
orphaned children. 
Change in out-migration of young 
adults. 
Change in age-sex composition. 
Reduction in school enrolment. 
Increase in school dropout rate. 
Loss of knowledgeable and 
experienced community leaders. 
Decrease in aggregate community 
income. 
Reduction in expenditures in 
community business. 
Reduction in aggregate community 
savings. 
Increase in demand for loans and 
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Natural 
Social 
Physical 
of livestock, and Increased reliance 
on off-farm income. 
Reduced access to credit; increased 
debt. 
Borrowing from informal sector and/ 
or from usurious money lenders; 
pledging of future crops. 
Reduction in soil fertility. 
Declines in on-farm conservation 
and/ or irrigation practices. 
Fallow land returning to bush. 
Decline in quality of permanent 
crops. 
Renting or leasing our portions of 
land. 
Appropriation of land by relatives 
(taken from widow, orphans). 
Sale of land and/ or livestock. 
Increase reliance on extended 
family. 
Formal. Informal community 
organizations for agricultural 
production, housework, child care. 
Fostering. 
Community willingness to support 
educational and nutritional needs of 
orphaned children (school fees, 
uniforms, supplemental feeding, 
etc). 
Less time to participate in social, 
cultural activities. 
Possible disintegration of household. 
Decline in quality, or sale of 
livestock, household goods, tools, 
housing etc. 
consumption credit. 
Decrease in demand for productive 
credit. 
Increase in price of credit. 
Increase in default a rate in credit 
markets. 
Increased spending on traditional and 
modern health care. 
Reduction in quality of community 
land resources. 
Decline in conservation of land and 
water resources. 
Decrease in biodiversity and genetic 
resources. 
Increase in fallow land. 
Change in land use, farming systems. 
land markets. 
Environmental deterioration e.g. 
reduced upkeep of terraces. 
Change/ disruption of kinship and 
extended family ties, formal and 
informal organizations in the 
community, labor-sharing 
arrangements. 
Increase in demand for community 
care for sick and dying members, 
apprenticeship training for orphaned 
adolescents, community social support 
and self-help organizations, child 
fosterage or child care. 
Increase in social inequality (e.g. land 
acquisition). 
Community fractionalization or 
disintegration (stigma). 
Decline in condition of community 
wells, irrigation facilities, roads, 
drainage ditches, terraces, schools etc. 
Source: Gillespie et al. (2001), Stokes (2002), Harvey (2003). 
8,4.1 Impact of HIV/AIDS on Household Size and Composition 
Households experiencing adult mortality tend to become permanently smaller 
than other households, (Menon et al. 1998; Yamano and Jayne 2004). Changes in 
household size and composition are sensitive to the age, gender and position of the 
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deceased adult in the household. With a female aduh death, it is more likely that children 
will be sent to live with relatives, (Yamano and Jayne, 2004; Mather et al. 2004). Death 
of a household head increases the likelihood of use of child labor as children are pulled 
out of schools. The impact of mortality on household demographics may be much more 
severe when the adult death is due to HIV/AIDS as compared to other causes of death. 
Two person-years of labor may be lost due to the weakening of the person and due to the 
amount of time spent caring for him or her before death, (FAO, 2003b). 
8.4.2 Impact of HIV/AIDS on Agriculture 
Agriculture is the backbone of household food, and livelihood security for 
millions of rural men, women, boys, and girls. At the same time, agriculture is 
susceptible to various shocks - including the HIV/AIDS epidemic. Agriculture is the 
mainstay of the livelihoods of the majority of people affected by HIV/AIDS. The UN's 
Food and Agriculture Organization (FAO) estimates that AIDS has killed seven million 
agricultural workers in Africa since 1985. It also suggests that another 16 million more 
may disappear from rural communities within the next 20 years, (ICAD 2006). Thus, 
AIDS decreases income and agricultural production by removing from the labor force not 
only the sick person but also other members of the household who must care for the 
patient for instance families in Cote d Ivoire, Tanzania and Thailand who were coping 
with HIV/AIDS experienced a fail in income of 40- 60 percent (UNAIDS, 1999). Food 
insecurity caused by AIDS can extend beyond individual households for example, "In 
Uganda farmers in the region around Kampala have traditionally grown matooke (green 
banana) and supplied it to other regions of the country. But due to loss of labor caused 
by AIDS - related illnesses and deaths, the production of matooke has fallen and this 
decrease in production has affected not only people growing matooke for their own uses, 
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but also the availability of the crop for people in other parts of the country ."(Wilson, 
2001). 
Many studies in Sub Saharan Africa show the vulnerability of subsistence 
agriculture to the impacts of AIDS, as summarized here: 
In Kenya, Yamano and Jayne (2004), found the death of a prime-age male 
household head to be associated with a 68 percent reduction in the net value of the 
household's crop production. Adult female mortality causes a greater decline in cereal 
area cultivated, while cash crops (such as coffee, tea, and sugar) and non-farm income 
were most adversely affected in households incurring a prime-age male adult death. In 
Malawi, Shah et al. (2001) found 70 percent of the households affected by chronic 
sickness to be suffering from labor shortages, with 45 percent delaying agricultural 
operations, and 25 percent leaving land fallow or changing the crop mix. In Zimbabwe, 
Kwaramba (1997), found output declines of 37-61 percent for different crops. In 
Swaziland, Muwanga (2002), fourrd a reduction of 54 percent in maize production 
following the death of the household head. In Tanzania, Tibaijuka (1997) reported 
significant losses in agricultural production due to labor loss, reallocation of labor to 
nurse the ill, and siphoning off of working capital to pay mounting medical bills among 
households that suffered AIDS mortality. In Mozambique, a nationally representative 
household panel survey from 1999 and 2002 found cash, livestock, assets, total and per 
adult equivalent income to be lower for households experiencing death. Affected 
households had lower total and cultivated land area, particularly with the death of a male 
household head, (Mather et al. 2004). In South Africa and Zambia, studies of AIDS 
affected households found that their monthly income fell by 66 -80 percent because of 
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coping with AIDS related sickness, (Report on the global AIDS epidemic, UNAIDS, 
2004). 
8.4.3 Impacts on Commercial Agriculture 
HIV/AIDS has profoundly impacted commercial agriculture, (Rugalema et, ai. 
1999). The costs to employers include replacement worker costs, paid sick leave, lost 
wages and productivity losses. In Kenya, between 1989 and 1995 the medical 
expenditures incurred by agro-companies due to HIV/AIDS increased by $1.15 million, 
(Rugalema et, al.l999). In a study of male sugar mill workers in South Africa, Morris, et 
al. (2000) projects a ten-fold increase in costs to companies due to HIV/AIDS between 
2000 to 2006. A study of tea estate workers in Kenya is one of the first to rigorously 
quantify the impact of HlV/AlDS on individual labour productivity during disease 
progression (Fox et al. 2004). After adjusting for age and environmental factors, HIV 
positive individuals were found to have plucked between 4-8 kg/day less in the last 18 
months before termination due to illness and fatigue. They used significantly more leave 
days and earned 17 percent less on average in the last two years before termination. 
These results may be underestimates, given that workers often bring unrecorded 'helpers', 
but they do show how the drop-off is significant and how it starts years before the 
employee has to terminate work. 
8.4.4 HIV/AIDS Threatening Livestock Production 
Livestock especially poultry, sheep and goats, which are easily managed, 
affordable, prolific and have short reproduction can play a key role in improving the 
condition of poor farmers of the rural areas by providing households with renewable 
assets, income and a chance to bolster diets. In addition to providing income and food, 
livestock are a source of draught power, manure for fertilizer and fuel. Livestock 
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contribute greatly to the incomes and nutrition of some 70 per cent of rural households in 
developing countries. Livestock production is growing in different developing countries 
like Brazil, China and especially in India because of increased demand of animal 
products due to different socio-economic reason like urbanization, increase in income, 
change in consumption pattern and lifestyle etc. Livestock revolution can help developing 
countries in improving the income and nutritional lewd of people living in rural area and 
depend on agriculture for their livelihood. But the emerging problem of HlV/AlDS is 
affecting not only humans but is also dramatically impeding livestock production, which 
is the main source of income for rural households, (FAO 2007b). Once family savings 
are exhausted, animals are sold to cover medical expenses or funeral costs. Selling or 
slaughtering livestock reduces herd size, leading to fewer products - such as meat, milk, 
eggs and hides - to cat or sell. When households lose livestock, they also lose fertilizing 
manure, milk for the family and "ambulatory savings", (Barnett and Rugalema, 2001). 
"In Zambia, study showed that in the past it was fare for HIV-affected households to sell 
a heifer or milking cow, where now it is common place," "The short and long-term 
effects of this on family incomes and food security can be devastating." (Simon Mack, 
Senior Officer in the agency's Livestock Production Group. FAO, 2007d). 
8.4.5 Impact on Agricultural Extension 
HIV/AIDS is also significantly impacting agriculture extension services. In 
Kenya's Ministry of Agriculture, 58 percent of all deaths in the last five years are thought 
to have been AIDS-related, (GTZ, 1999). In Malawi, at least 16 percent of the staff of the 
Ministry of Agriculture and Irrigation (MoAI) is living with HIV/AIDS, 76 percent have 
lost at least one colleague and 60 percent have lost at least one close relative to AIDS 
(Bota et at. 1998 in Topouzis 2003). In Zambia, 67 percent (of 155) agriculture extension 
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workers interviewed had lost at least one co-worl<er to HIV/AIDS witiiin the last three 
years (Alleyne et al. 2001). Studies have also reported reductions in agricultural 
extension service time due to HIV/AIDS. Engh reported a 10 percent decline in livestock 
extension service time in Namibia while Haslwimmer, (1994) in Uganda reported 25-50 
percent reductions in agriculture extension time. 
8.4.6 Macro Economic Impact of HIV/AIDS 
HIV/AIDS is more than a health crisis. It can cause major damage to economies 
with far-reaching implications. HIV/AIDS erodes economic growth through its negative 
impact on labor supply, productivity, savings, and the delivery of essential services. Two 
types of impacts are worth noting on national outputs (or outputs per capita) and on the 
distribution of national income. At the global , there is a statistically significant link 
between low income per capita and HIV prevalence rates, the poor the country the 
greater its HIV prevalence. There is a positive and statistically significant correlation 
between HIV prevalence and economic inequality as well, (Mulford, 2005 and Mahal 
2004). 
AIDS has a direct impact on rates of economic growth in the most affected 
developing countries. There is a direct relationship between the extent of HIV prevalence 
and the severity of negative GDP. When the rate of HIV in a population reaches 5 
percent, per capita GDP can be expected to decline by 0.4 percent a year. And when HIV 
reaches 15 percent, a country can expect an annual drop in GDP of more than 1 percent. 
The cumulative impact of HIV on the total size of economies is even greater. By the 
beginning of the next decade, South Africa, which represents 40 percent of Sub-Saharan 
Africa's economic output, is facing a real gross domestic product 17 percent lower than it 
would have been without AIDS,( Peter Plot et .al, 2002). 
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All dimensions of food security (availability, stability, access and use of food) are 
affected where the prevalence of HIV/AIDS is high. In the hardest-hit countries, it is 
erasing decades of health, economic and social progress - reducing life expectancy by 
years, deepening poverty, and contributing to and exacerbating food shortages. The UN 
Food and Agriculture Organization, (FAO) projects that deaths caused by HlV/AlDS in 
the ten most affected African countries will reduce the labor force by as much as 26 
percent by 2020. International Labour Organization projects that the labour force in 38 
countries (all but four in Africa) will be between 5 percent and 35 percent smaller by 
2020 because of AIDS. "Though gaps in knowledge remain, the connections between 
IIIV/AIDS and food and nutrition insecurity are generally well known", (Gillespie, 
2005). Within the development community, HIV/AIDS is often viewed only as a health 
issue, separate from agriculture and other sectors. As a result, there is limited 
collaboration across sectors, resulting in lost opportunities to fight this pandemic 
effectively," (Mutangadura, 2005). 
As discussed above some of the potential impacts of HIV/AIDS are more 
prevalent in countries where large number of people suffer from HIV/AIDS and the 
prevalence rate is high especially the Sub-Saharan African countries. But this is a 
misconception that HIVAIDS is limited to only Sub-Saharan African countries. In Asian 
countries also HIV/AIDS is increasing at a fast rate and within Asia, India is the 
epicenter. Although the prevalence rate of HIV/AIDS in India is relatively low but if this 
trend continues more and more people will be affected by this disease in the coming 
years with many socio -economic impacts. Several different projections have been made 
to guage the potential impact of the epidemic in India over time: NIC projected that by 
2010, India could have 20 to 25 million people living with HIV/AIDS, the highest 
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number in any country in the world, (NIC, 2002). Life expectancy in India in 2025 could 
fall by 3-13 years, depending on epidemic severity, (Eberstadt,N., 2002). The United 
Nations recently estimated that life expectancy gains in India are expected to be lower 
due to HIV/AIDS, (United Nations, 2005). The WHO estimated that HlV/AlDS caused 3 
percent of all deaths and 17 percent of deaths due to infectious diseases in India in 2002, 
(WHO, 2002). If current HIV/AIDS trends continue, by 2033, HIV could account for 17 
percent of all deaths and 40 percent of deaths from infectious disease, (World Bank, 
2004). A 2004 report by ADB/UNAIDS estimates that HIV/AIDS could slow poverty 
reduction goals by 23 percent every year between 2003 and 2015, (Asian Development 
Bank/UNAIDS, 2004). National Council of Applied Economic Research analyzed the 
likely impact of HIV/AIDS finding that if left unchecked, India's economic growth could 
fall by 0.86 percentage points each year over the period between 2002/2003 and 
2015/2016, (NCAER,.2a06). 
8.5 Projections and Policy Action 
Future growth of HIV in India is, by its nature, difficult to predict. Various 
projections have been done. A reasonable project model might involve the comparison of 
two scenarios: a worst-case and a best-case scenario. The worst-case scenario produced 
by UNAIDS in 1999 suggested growth to about 4 percent adult prevalence by 2010. The 
Centre for Global Health Research (CGHR, 2005) updated modelling uses the 
Nagelkerke scenarios and updates these using more up-to-date Indian data, and produced 
a slightly different projection model. These are less optimistic than the UNAIDS best-
case scenario of 1999, and suggest that a little below 3 percent of the adult Indian 
population will be HIV positive by 2025. Even with the modest growth scenario of about 
3 percent equilibrium prevalence, about 500 lakh additional Indians will become HIV 
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infected over the next two decades. This means that about 150-180 lakh Indians will be 
HIV positive by 2015, making India the country with the largest absolute burden of HIV 
infections in the world. Aside from China, no other population is likely to show such 
large absolute growth. Food insecurity is one of the main drivers of the spread of 
HIV/AIDS. HIV/AIDS in turn is significantly impacting households and communities, 
particularly their ability to ensure food security. These impacts are not one-time events, 
they are processes often hidden, slow-burning, but potentially very destructive. Impacts 
differ by community and by household, in type and degree. They are also dynamic. The 
nature and severity of impacts often also depends on age, gender and position of the 
deceased in the household. 
While HIV/AIDS impacts household food security and livelihoods in many ways, 
the agricultural sector can also help mitigate against these and other impacts. Agriculture 
can help J'iifai women and men OTit of poverty and food insecurity through income 
generation and sustainable production practices. It can provide nutritious foods to support 
anti-retroviral therapies (ARTs) and food for replacement or complementary feeding to 
breastfeeding that is key in preventing transmission of the virus from mother to child. 
The causes and effects of HIV/AIDS are complex and interconnected. Multi-sectoral 
approaches that include development policies supporting poverty alleviation, food and 
livelihood security, and the empowerment of women can mitigate against the impacts of 
HIV/AIDS. Agricultural policies have a particular role to play by reducing the 
vulnerability of rural households. Policies that protect and promote farmers' incomes can 
help families build resilience and cope with the effects of AIDS. To see how agricultural 
policies and programmes can support multi-sectoral efforts, it is important to look at them 
through an "HIV/AIDS lens", ( Gillespie and Kadiyala, 2005). Policies and programmes 
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should be assessed to see if they respond to the needs of a changing demographic base in 
rural areas, including widow, child, and grandmother headed households. We need more 
longitudinal studies that capture the local dynamics of impact and the innovative 
responses of households and communities who are actively strengthening their own 
resistance to the virus and their resilience in the face of its impacts. In order to come to 
grips with this new universe, and effectively fill these knowledge gaps, bridges need to be 
built between social scientists, epidemiologists, public health specialists, nutritionists and 
agricultural economists. Only thus will the causes and consequences of HlV/AlDS be 
mapped in ways that facilitate effective action. Further, to understand the rapidly 
increasing incidence of AIDS, factors responsible for the problem have to be studied. 
However, without strengthened prevention efforts, the epidemic will not substantially 
slow, (World Bank, 2004). 
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Chapter - 9 
Biotechnology and Food 
Security 
Chapter 9 
9.1 Introduction 
The doubling of foodgrain production due to green revolution and tripling of 
livestock production since the early 1960s has resulted in a global food supply 
sufficient to provide adequate energy and protein for all, (Andersen and Pandya-
Lorch, 1999). However, about 820 million people lack access to sufficient food to 
lead healthy and productive lives, and 25 percent of world's children are seriously 
underweight for their age, (FAO, 2006a, UNICEF 2008). State of food insecurity 
2005 warns that hunger and malnutrition cause tremendous human suffering, killing 
more than five million children every year, and siphoning off billions of dollars from 
developing countries in lost productivity and national income, (FAO,2005b). 
Astonishing advances in agricultural productivity and human ingenuity have not yet 
translated into a world free of hunger and malnutrition. What are the prospects for 
global food security in the 21st century? Will there be enough food to meet the needs 
of current and future generations? Can, and will, global food security be attained or 
will widespread hunger and malnutrition continue? 
The world population has increased from 2 to 6 billion in the last 60 years. It 
is expected to increase by another 2 billion odd in the next 20 years. Ninety percent of 
this increase is expected to occur in the developing world, Asia, Africa and Latin 
America. Although the rate of population growth is steadily decreasing, the increase 
in absolute numbers of people to be fed may be such that the carrying capacity of 
agricultural lands could soon be reached given current technology, (FAO, 1999). 
Sustainable food production is uncertain in many developing areas of the world 
because of their particular climatic, land and water limitations. Thus, developing low-
cost applications will be an important complementary element in increasing food 
production and stability for rural poor. New technologies, such as biotechnologies, if 
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properly focused, offer a responsible way to enhance agricultural productivity for now 
and the future. Hence as suggested by the Nobel Peace Laureate, Norman Bourlag 
(1997), new biotechniques, in addition to conventional plant breeding, are needed to 
boost yields of the crops that feed the world. "Biotechnology can package the 
"requirements" for increased yield and quality of food in "smart seeds", which 
produce crop plants capable of withstanding drought conditions and weed and insect 
attack, obviating the need for additional crop inputs, such as insecticides, which are 
often very costly,". 
9.2 What Is Biotechnology? 
Definitions of Biotechnology and Its Component Technologies 
Biotechnology is any technique that uses a living organism or substances from 
those organisms to make or modify a product, improve plants or animals or develop 
microorganisms for specific uses. It ranges from traditional biotechnology to the most 
advanced modern biotechnology. Biotechnology is not a separate science but rather a 
mix of disciplines (genetics, molecular biology, biochemistry, embryology, and cell 
biology) converted into productive processes by linking them with such practical 
disciplines as chemical engineering, information technology, and robotics. Modern 
biotechnology should be seen as integration of new techniques with the well-
established approaches of traditional biotechnology such as plant and animal 
breeding, food production, fermentation products and processes, and production of 
pharmaceuticals and fertilizers, (Doyle and Persley 1996).The key components of 
modern biotechnology are (1) Genomics: the molecular characterization of all 
species,(2) Bioinformatics: the assembly of data from genomic analysis into 
accessible forms (3) Transformation: the introduction of one or more genes conferring 
potentially useful traits into plants, livestock, fish and tree species.(4) Genetically 
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modified organism (GMO), (5) Living modified organism (LMO), (6) Molecular 
breeding: the identification and evaluation of desirable traits in breeding programs by 
the use of marker assisted selection, for plants, trees, animals and fish.(7) Diagnostics: 
the use of molecular characterization to provide more accurate and rapid identification 
of pathogens and other organisms. (8) Vaccine technology: the use of modern 
immunology to develop recombinant DNA vaccines for improving control against 
lethal diseases, (Persley and Doyle 1999). 
Figurel: Trends in Biotechnology 
Rising 
cost 
Modern Biotechnologv 
Genomics 
Genetic engineering of animals 
Genetic engineering of nlants 
Recombinant DNA technology 
Clonal and polyclonal antibody production 
Embryo transfer in animal 
Tissue culture 
Biological nitrogen fixation 
Microbial Fermentation 
Traditional biotechnolosv 
Increasing Complexity 
Source: Persley (1990) and Doyle and Persley (1996) 
Biotechnology consists of a gradient of technologies, ranging from the long-
established and widely used techniques of traditional biotechnology to novel and 
continuously evolving modern biotechnology techniques, (figure 1). During the 1970s 
scientists developed new methods for precise recombination of portions of 
deoxyribonucleic acid (DNA), the biochemical material in all living cells that 
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governs inherited characteristics, and for transferring portions of DNA from one 
organism to another. This set of enabling techniques is referred to as rDNA 
technology or genetic engineering. Modern biotechnology presently includes the 
various uses of new techniques for rDNA technology, monoclonal and polyclonal 
antibodies, and new cell and tissue culture methods, (ADB, 2001). 
Biotechnology is the application of living organisms to develop new products. 
In the case of agriculture, genes coding for specific traits are combined with existing 
varieties and hybrids to produce crop plants that are capable of performing even 
better. Biotechnology also offers new opportunities for global partnership, especially 
between countries rich in biological resources but lacking the expertise and 
investments needed to apply such resources through biotechnology and the countries 
that have developed the technological expertise to transform biological resources so 
that they serve the need of economic development. 
Agricultural biotechnologies are a broad area of 'modern science' that 
encompasses the frontiers science and environment, on the one hand, and economic 
and politics on the other. Originally, it is the amalgam of genetic engineering, plant 
biotechnology and chemistry that gives rise to biotechnology. For agriculture, its 
offspring are transgenic crops which promise to bring forth higher crop productivity, 
improve nutritional quality of the product, increase tolerance of crops for drought, 
flooding , salinity , heavy metals and other biotic stresses, and raise resistance of 
crops to pest attacks and other diseases. This technology also permits the combination 
of such traits into a single crop plant. In this way varieties and hybrids which are both 
herbicide and insect resistant are possible. Good examples of these are insect 
protected cotton and corn, and herbicide resistant crops such as soyabean, canola, 
corn and cotton. 
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Box 1: Summary of Applications of Modern Biotechnology to Agriculture. 
Subsector 
Crop Production 
Biodiversity 
Forestry 
Livestock Production 
Fisheries 
Applications 
Diagnostics: To diagnose plant pests and pathogens, 
contaminants, and quality traits. 
Micropropagation techniques or tissue culture: To multiply 
disease-free planting materials on a large-scale. 
Development of transgenic crops: To develop commercially 
new genetically modified crop varieties. 
Modern plant breeding: To develop superior plant varieties 
rapidly and more precisely. 
Marker-assisted selection: To use genetic markers, maps, and 
genomic information in breeding for high yielding, disease-
and pest-resistant varieties. 
Characterizing, conserving, and using biodiversity. 
Forestry Gene-mapping: To accelerate tree breeding. 
Macropropagation: Rapid vegetative propagation by means 
of cuttings from large plantation of pines and other trees. 
Micropropagation by tissue culture: Large-scale 
multiplication of genetically superior plantlets. 
DNA finger printing. To differentiate species, strains, and 
cultivars accurately. 
Wood security. The selection of genetically superior trees 
for breeding purpose. 
Livestock improvement: To speed up the reproduction 
process in animals, allowing more generations to be 
produced. 
Transgenic livestock: Development of transgenic lines of 
virus-resistant poultry and other animals. 
Livestock health: Application of diagnostics for the control 
of major diseases of livestock. 
Vaccine development: Development of vaccines for the 
control of epidemic viral diseases. 
Transgenic fish. Still being explored. 
Use of molecular markers in biodiversity. Research, genomic 
mapping, and trait selection in fish and other aquatic 
organisms. 
Source: Asian Development Bank 2001. 
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9.2.1 Present Problems and Future Challenges with Respect to Agriculture 
The intensification of agriculture and the reliance on irrigation and chemical 
inputs has led to environmental degradation, increased salinity, and pesticide misuse. 
Deforestation, overgrazing, and over fishing also threaten the sustainable use of 
natural resources. The Green Revolution technologies were useful in the favorable 
and irrigated environments. But they had little impact on the millions of smallholders 
living in rainfed and marginal areas where poverty is concentrated. Furthermore, the 
Green Revolution has already run its course in much of Asia, (Pingali et, al. 1997). In 
addition, there have been declining public investments in the agriculture sector across 
the region. These factors have been responsible for the decline in annual agricultural 
growth rates from an average of 3.3 percent during 1977-1986 to about 1.5 percent 
during 1987-1996. 
The key lessons learned from the Green Revolution are: (i) it has benefited 
farmers in irrigated areas much more than farmers in rain fed areas thus worsening the 
income disparity between the two groups, (ii) it overlooked the rights of women to 
also benefit from the technological advances, and (iii) it promoted an excessive use of 
pesticides that are harmful to the environment. As countries became self sufficient in 
food, government investments declined in the agricultural sector and in science and 
technology across the region. This reflects a worldwide trend toward declining public 
investments in the rural sector and in agricultural research and development (R&D), 
nationally and internationally. 
During the next 25 years, the population in Asia is projected to increase from 
3.0 billion to 4.5 billion. The demand for food is predicted to increase by about 40 
percent from the present level of 650 million tons. This increase must come from 
increases in agricultural productivity in favorable areas and in rainfed and marginal 
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areas. Strategies to meet the required increases in food supply include (i) sustainable 
productivity increases in food, feed, and fiber crops (ii) reducing chemical inputs of 
fertilizers and pesticides and replacing them with biologically-based products (iii) 
integrating soil, water, and nutrient management (iv) improving the nutrition and 
productivity of livestock and controlling livestock diseases (v) achieving sustainable 
increases in fisheries and aquaculture production and (vi) increasing trade and 
competitiveness in global markets. 
To meet this demand, cereal production will need to be increased by at least 
40 percent from the present level of about 650 million tons annually, most of which 
will have to come from yield increases. In addition, meat demand will double during 
the period, (Andersen et, al. 1999). In this millennium, we face a food, feed, and fiber 
production challenge in highly complex farming systems for several reasons: (i) 
Water will become the most important limiting factor in agricultural production 
because the quality and quantity of water will decline as a result of pollution, forest 
degradation, and increased agricultural, domestic, and industrial use, (ADB 2001) (ii) 
Urbanization will mean the loss of agricultural land to residential and industrial 
development, and a decline in the number of farm workers (iii) Most farmers are poor 
with small landholdings (iv) Farming systems are commonly heterogeneous with 
mixes of food crops, livestock, and trees (v) About 70 percent of the cultivated land is 
rainfed with unreliable distribution and intensity of rainfall. 
To overcome these challenges, food production during the next 25 years will 
have to be achieved using less labor, water, and cultivated land. This can be done only 
if scientists can develop new crop varieties with high yield potential and high water 
use efficiency. New understanding of plant and animal genes may offer ways to 
increase crop yields to the levels required to adequately and sustainable feed the 
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growing population in Asia. Thus, developments in modern biotechnology could 
make extremely important contributions to future agricultural growth, food security, 
and poverty reduction. 
9.2.2 Why Should India Adopt Agriculture Biotechnolog}'? 
Agriculture has become increasingly tough and unpredictable in recent years. 
We are confronted with several serious challenges that are threatening to shake and 
destabilize our future if we do not take appropriate steps to find solutions. The arable 
land is diminishing every year as it is diverted for industrial, residential, recreational 
and other human needs. Other resources like water, fertilizer and labor are also 
becoming scarce and costly. Food security in India is increasingly in danger. More 
than 30 percent of our crop yields are lost to biotic factors like pests, diseases and 
weeds despite spending heavily on chemical pesticides. Similarly, crop losses due to 
abiotic stresses like drought, cold, heat and salinity are high and unpredictable. Global 
food demand is estimated to double by the year 2050 when the world population is 
expected to reach from the current 6.3 to 9.3 billion of which about 90% will reside in 
Asia, Africa and Latin America. In India, the population has already exceeded 1.1 
billion and it is projected to be the most populous country in the world with about 1.5 
billion by 2050. The challenges before the agricultural scientists today is to 'produce 
more from less' i.e., more nutritious food from less land, water and other resources 
and to protect and preserve what we produce, (Crop Biotech and Biosafety, 2007). 
We certainly need new technologies to accomplish these as the prevailing 
technologies alone do not seem to be adequate. With the advent of gene transfer 
technology, there is hope for achieving higher productivity and better quality, 
including improved nutrition and storage properties of food. There are also 
possibilities to ensure adaptation of plants to specific environments, to increase plant 
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tolerance for stresses, to increase pest- and disease resistance, and to achieve higher 
prices in the market place. Because land and water for agriculture are diminishing 
resources, there is no option but to produce more food and other agricultural 
commodities from less arable land and irrigation water. The need for more food has to 
be met through higher yields per units of land, water, energy and time. As 
Swaminathan (2000) says, "we need to examine how science can be mobilized to 
raise further the biological productivity ceiling without associated ecological harm. 
Scientific progress on the farms, as an ever-green revolution, must emphasize that the 
productivity advance is sustainable over time since it is rooted in the principles of 
ecology, economics, social and gender equity, and employment generation." For a 
country like India, biotechnology is a powerful enabling technology that can 
revolutionize agriculture, increase productivity, and that this is of great significance in 
a time when primary resources are scarce, (FAO, 2004c). 
9.2.3 Agricultural Biotechnology; Its Significance in Agriculture 
In much of Asia and especially in India yields of major food grains are 
stagnant or declining in the face of increasing population. Pests and diseases cause 
substantial pre harvest and post harvest losses of crops, livestock, and fish. Solution to 
many of these problems may lie in the various applications of modern biotechnology. 
The use of molecular markers to tag specific traits is accelerating the breeding of new 
varieties of plants and animals. New understanding of plant and animal genes through 
genomics may offer ways of increasing crop yields. These new developments when 
used in conjunction with developments in the physical and social sciences, offer more 
sustainable means for obtaining necessary productivity increases that are less 
dependent on environmentally damaging inputs of chemical fertilizers and pesticides. 
Given appropriate policies and necessary human and financial resources, modern 
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biotechnology could make an extremely important contribution to future agricultural 
growth. During the next 25 years, India will need a Second Green Revolution, often 
called Bio-revolution or Doubly Green Revolution. Conway (1997) pointed out that 
the next technology-driven revolution must be doubly green, it must increase food 
production at a faster rate than in recent years without significantly damaging the 
environment. It must also increase incomes and increase access to food by the poor. 
Compared to the Green Revolution of the 1970s, Bio-revolution will be characterized 
by the following features: (i) Potentially many crops (particularly high value and 
specialty crops), will be affected as well as livestock and aquaculture. (ii) Potentially 
all areas, both irrigated and rainfed, will benefit from biotechnology R&D. (iii) 
Technology development and dissemination will substantially involve the private 
sector with the public sector playing the role of facilitator and regulator, (iv) Many 
processes and products will be patentable and protectable, (v) Capital costs of 
research will be high, (vi) Molecular and cell biology expertise will be required in 
addition to expertise in conventional plant breeding and other agricultural sciences. 
9.2.4 Potential Benefits of Biotechnology towards Poverty Reduction and Food 
Security 
There are many potential benefits of biotechnology for poor people in 
developing countries. Biotechnology may help achieve the productivity gains needed 
to feed a growing global population, introduce resistance to pests and diseases without 
costly purchased inputs, heighten crops' tolerance to adverse weather and soil 
conditions, improve the nutritional value of some foods, and enhance the durability of 
products during harvesting or shipping. By raising productivity in food production, 
agricultural biotechnology could help further reduce the need to cultivate new lands 
and help conserve biodiversity and protect fragile ecosystems. New crop varieties and 
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bio-control agents may reduce reliance on pesticides, thereby reducing farmers' crop 
protection costs and benefiting both the environment and public health. 
Biotechnology research could aid the development of drought-tolerant maize and 
insect-resistant cassava, to the benefit of small farmers and poor consumers. Research 
on genetic modification to achieve appropriate weed control can increase farm 
incomes and reduce the time women farmers spend weeding, allowing more time for 
the child care that is essential for good nutrition. Biotechnology may offer cost-
effective solutions to micronutrient malnutrition, such as vitamin A and iron rich 
crops. Some of the potential benefits of plant biotechnology are given below, (Box 2). 
Box 2: Potential Benefits from Plant Biotechnology. 
Benefit 
Increasing crop 
productivity 
Increasing crop 
quality 
Environmental 
adaptation 
Broadening stress 
tolerance 
Increasing disease and 
pest resistance 
Agrochemical 
reduction 
Example 
Improving growth rate. 
Altering ratio of usable product (e.g., increased proportion of 
seed in rice plants). 
Improving nutritional quality (e.g., specific vitamin contents, 
type and content of fiber, fat components, and amino acids). 
Removing food contaminants and toxins (e.g., aflatoxins). 
Improving storage properties (e.g., fresh vegetables and 
fruits). 
Making crops plants better adapted to changing 
environments. 
Making plants more resistant to drought, flooding, salinity, 
heavy metals and pollution. 
Selecting resistant varieties (e.g., using molecular techniques 
to insert antiviral or antibacterial genes from other species). 
Hybridizing crops with wild relatives (e.g., use of cellular 
methods for rapid screening for desired phenotypes). 
Breeding crop varieties resistant to specific herbicides (e.g., 
glyphosate-resistant soybean, through insertion of a bacterial 
gene that reduces sensitivity to herbicide). 
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Use of food crops to produce non edible products (e.g., 
medicinal products and proteins, fuel alcohol, industrial oils). 
Using food crops for polymer and bio-plastic production. 
Production of non 
edible 
substances 
Use of new raw 
materials 
Production of single cell (e.g., growing bacteria on methanol 
for animal feed, growing mycoprotein from fungi and wastes 
from pulp and paper industry). 
Source: Macer (1997). 
Fifty percent of the world's poorest people are small and resource-poor 
farmers, and another 20 percent are the rural landless dependent on agriculture for 
their livelihoods. Thus, increasing income of small and resource-poor farmers 
contributes directly to the poverty alleviation of a large majority of the world's 
poorest people. Agricultural biotechnology is expected to contribute significantly 
toward poverty reduction and food security in Asia and in India through increased 
productivity, lower production costs and food prices, and improved nutrition. Modern 
plant breeding may help to achieve productivity gains, introduce resistance to pests 
and diseases, reduce pesticide use, improve crop tolerance for abiotic stress, improve 
the nutritional value of some foods, and enhance the durability of products during 
harvesting and shipping. Raising productivity could increase smallholders' incomes, 
reduce poverty, increase food access, reduce malnutrition, and improve the 
livelihoods of the poor. Biotech cotton has already made a significant contribution to 
the income of poor farmers in the first decade, 1996 to 2005, and this can be enhanced 
significantly in the second decade. In India cotton farmers that have adopted insect-
resistant, transgenic Bt. cotton have reduced their use of highly toxic insecticides. 
That in turn has reduced farmers' crop protection costs and benefited both the 
environment and public health. Modern biotechnology is not a silver bullet for 
achieving food security, but used in conjunction with traditional knowledge and 
conventional agricultural research methods; it may be a powerful tool in the fight 
against poverty that should be made available to poor farmers and consumers. 
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(Persley and Lantin 2000). It has the potential to help enhance agricuhural 
productivity in a way that further reduces poverty, improves food security and 
nutrition, and promotes sustainable use of natural resources. 
9.3 Global Status of Biotech Crops 
The year 1996 can be considered as a landmark in agricultural biotechnology 
in general and crop protection in particular as four transgenic crops comprising three 
insect resistant crops and one herbicide tolerant soybean, developed by Monsanto 
Company, received regulatory approvals and these were commercially grown and 
harvested for the first time in the USA. These approvals were preceded by about 14 
years of intensive research and data generation that demonstrated these crops to be 
beneficial to farmers while, at the same time, being safe to humans, animals as well 
as other non-target beneficial organisms, plants and environment. All three insect-
resistant crops were incorporated with genes that produce insecticidal proteins derived 
from the ubiquitous soil bacterium. Bacillus thuringiensis, popularly referred to as 
BT. and commonly found in soil with ubiquitous distribution. Hence it is popularly 
called a 'soil bacterium.' These crops were Bt-corn for protection against the notorious 
European corn borer - Ostrinia nubilalis, Bt. potato against the hardy Colorado potato 
beetle - Leptinotarsa decemlineata, and Bt-cotton against the dreaded cotton boUworm 
complex which includes the tobacco budworm - Heliothis virescence, bollworm -
Helicoverpa- zea and pink bollworm - Pectinophora gossypiella. The transgenes 
incorporated in these crops were the modified crylAb in corn, modified cry 1 Ac in 
cotton and modified crySAb in potato. The gene EPS? synthase, also derived from a 
bacterium, was deployed in the herbicide tolerant soybean, (Crop Biotech and 
Biosafety, 2007). In 1996, these crops were commercially cultivated not only in the 
USA, but also in Argentina and Canada on 1.7 million hectares. Although some 
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products were formally approved for sale in limited areas prior to 1996, it was only in 
1996 that farmers planted such large areas of biotech crops and continued to do so 
year after year in several countries, (James, 2007). 
9.3.1 Global Status of Commercialized Biotech Crops in 2007 
In 2007, the second year of the second decade of commercialization of biotech 
crop, the global area of biotech crops continued to climb for the twelfth consecutive 
year, growth continued at a sustained double-digit growth rate of 12%, or 12.3 million 
hectares (30 million acres), the second highest increase in global biotech crop area in 
the last five years, reaching 114.3 million hectares (282.4 million acres). This 
unprecedented high adoption rate reflects the trust and confidence of millions of 
farmers in crop biotechnology. During last twelve years, farmers have consistently 
increased their plantings of biotech crops by double-digit growth rates every single 
year since biotech crops were first commercialized in 1996. The number of countries 
growing biotech crops increased from 6 in 1996 to 9 in 1998, to 12 countries in 1999, 
to 23 in 2007. Of the global total of 12 million beneficiary biotech farmers in 2007, 
(up from 10.3 million in 2006), over 90 percent or 11 million (up significantly from 
9.3 million in 2006) were small and resource-poor farmers from developing countries. 
This reflects the growing acceptance of biotech crops by farmers in both industrial 
and developing countries. Farmers have signaled their strong vote of confidence in 
crop biotechnology by consistently increasing their plantings of biotech crops. The 
accumulated hectarage from 1996 to 2007 exceeded two thirds of a billion hectares 
for the first time at 690 million hectares (1.7 billion acres), with an unprecedented 67 
fold increase between 1996 and 2007, making it the fastest adopted crop technology 
in recent history. The continuing rapid adoption of biotech crops reflects the 
substantial and consistent benefits for both large and small farmers, consumers and 
society in both industrial and developing countries. In addition to planting more 
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biotech hectares, farmers are quickly adopting varieties with more than one biotech 
trait. These "trait hectares" grew at a swift 22 percent, or 26 miUion hectares, to reach 
143.7 million hectares - more than double the area increase of 12.3 million hectares. 
New crops were also added to the list as China reported 250,000 biotech poplar trees 
planted. The insect-resistant trees can contribute to reforestation efforts. This very 
high adoption rate by farmers reflects the fact that biotech crops have consistently 
performed well and delivered significant economic, environmental, health and social 
benefits to both small and large farmers in developing and industrial countries. 
Table 1: Global Area of Transgenic Crops, 1996 to 2007 (Million Hectares). 
Year 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 
Total 1.7 11 27.8 39.9 44.2 52.6 58.7 67.7 81.0 90.0 102 114.3 
India 0 0 0 0 0 0 0.09 0.1 0.5 1.3 3.8 6.2 
Source: James, 2007. 
Figure 2: Global Area of Transgenic Crops, 1996 to 2007 (Million Hectares). 
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9.3.2 Distribution of Biotech Crops in Industrial and Developing Countries 
In 2007, the number of countries planting biotech crops increased to 23, and 
comprised 12 developing countries and 11 industrial countries with Poland planting 
Bt. maize for the first time and bringing the total number of countries planting biotech 
crops in the EU to 8 out of 27, up from 6 in 2006. They were, in order of hectarage, 
USA, Argentina, Brazil, Canada, India, China, Paraguay, South Africa, Uruguay, 
Philippines, Australia, Spain, Mexico, Colombia, Chile, France, Honduras, Czech 
Republic, Portugal, Germany, Slovakia, Romania and Poland. Notably, the first eight 
of these countries grew more than 1 million hectares each, the strong growth across 
all continents in 2007 provides a very broad and stable foundation for future global 
growth of biotech crops. The two new biotech crop countries in 2007 were Chile 
producing over 25,000 hectares of commercial biotech crops for seed export, and 
Poland, an EU country, growing Bt. maize for the first time. Table 2 shows the 
relative area of biotech crops in industrial and developing countries from 1997-2007. 
In 2007, about half of the global biotech crop area, equivalent to 49.4 million 
hectares, was grown in developing countries where growth between 2006 and 2007 
was substantially higher (8.5 million hectares or 21 percent growth), while a 
substantial share (56.7 percent) is grown in industrial countries where growth rate 
between 2006 and 2007 was (3.8 million hectares or 6 percent growth), well shown in 
the figure 3. It is noteworthy that the five principal developing countries committed to 
biotech crops, span all three continents of the South, they are India and China in 
Asia, Argentina and Brazil in Latin America and South Africa on the African 
continent collectively they represent 2.6 billion people or 40 percent of the global 
population, with a combined population of 1.3 billion who are completely dependent 
on agriculture, including millions of small and resource poor farmers and the rural 
landless, who represent the majority of the poor in the world. The increasing 
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collective impact of the five principal developing countries is an important continuing 
trend with implications for the future adoption and acceptance of biotech crops 
worldwide. 
Figure 3: Global Area of Transgenic Crops, 1997-2007: Industrial and 
Developing Countries, 
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Of the total beneficiaries ninety percent were resource poor farmers from 
developing countries, whose increased incomes from biotech crops contributed to the 
alleviation of their poverty. In 2007, approximately 11 million poor subsistence 
farmers out of total 12 million beneficiary (up from 10.3 million in 2006) benefited 
from biotech crops were small farmers, the balance of 1 million were large farmers 
from both industrial countries such as Canada and developing countries such as 
Argentina. Of the 11 million small farmers, most were Bt. cotton farmers, 7.1 million 
in China (Bt cotton), 3.8 million in India (Bt cotton), and the balance of 100,000 in 
the Philippines (biotech maize). South Africa (biotech cotton, maize and soybeans 
often grown by subsistence women farmers) and the other eight developing countries 
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which grew biotech crops in 2007. This initial modest contribution of increased small 
farmer income from biotech crops towards the Millennium Development Goals of 
reducing poverty by 50% by 2015 is a very encouraging and important development, 
which has enormous potential in the second decade of commercialization, 2006 to 
2015, (ISAAA, 2007). 
9.3.3 Biotech Crop Area by Country, Crop and Trait 
In 2007, the US, followed by Argentina, Brazil, Canada and India continued to 
be the principal adopters of biotech crops globally, with 57.7 million hectares planted 
in the US (50.4% of global biotech area). For the third consecutive year, India has 
reported the highest proportional increase of any biotech crop country in the world 
with an impressive gain of 63% in 2007. Bt. cotton area has soared to 6.2 million 
hectares (compared with 3.8 million hectare in 2006) grown by 3.8 million small and 
resource-poor farmers. There are 23 countries planting more than 50,000 hectares 
biotech crops in 2007, Table 3. India had the highest percentage year-on-year growth 
in 2007, with an increase of 63% followed by Brazil (30.4%), Paraguay (30%), 
Canada (14.8 %), China (8.6%), Argentina (6.1%) and the USA at 5.6%. 
Biotech soybean continued to be the principal biotech crop in 2007, occupying 
58.6 million hectares (57% of global biotech area), followed by fast growing maize 
(35.5 million hectares at 25%), cotton (15.0 million hectares at 13%) and canola (5.5 
million hectares at 5% of global biotech crop area). 
The first generation of major transgenic crops that are currently under 
commercial cultivation is dominated by crop protection traits. Among these, the most 
dominant trait is herbicide tolerance (HT), which constituted 69.9% of the 102.0 m ha 
of the total transgenic area, followed by insect resistance (IR) with 19% and both HT 
and IR stacked in the same plant with I3.1%o. Virus resistance and others occupied 
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very little area. The principal transgenic crop was soybean followed by maize, cotton and 
canola. These crops were either herbicide tolerant (HT) or insect resistant with Bt (IR) or 
both the traits stacked in the same plant (HT + IR). The area occupied by each of these 
crops is given in the table below. 
Table 4: Global Biotech Trait of main Crops in 2006. 
Crops 
Soyabean 
Maize 
Cotton 
Canola 
Others 
Total(Mha) 
Trait % 
HT 
58.6 
5.0 
1.4 
4.8 
<0.1 
69.8 
68.5 
IR(Bt) 
-
11.1 
8.0 
-
<0.1 
19.1 
18.7 
HT+IR 
-
9.0 
4.0 
-
-
13.1 
12.8 
Source; James, 2006. 
In 2007, herbicide tolerance, deployed in soybean, maize, canola and cotton 
continued to be the most dominant trait occupying 63% or 72.2 million hectares. For the 
first time in 2007, the stacked double and triple traits occupied a larger area (21.8 million 
hectares), or 19% of global biotech crop area) than insect resistant varieties (20.3 million 
hectares) at 18%. The stacked trait products were by far the fastest growing trait group 
between 2006 and 2007 at 66% growth, compared with 7%) for insect resistance and 3% 
for herbicide tolerance. 
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Figure 4: Global Adoption Rates (%) for Principal Biotech Crops, 2007. 
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Source: James, 2007. 
Figure 4 shows the global adoption rate of principal biotech crop. Out of four 
major biotech crop soyabean accounts for 64% adoption rate. Cotton stands at second 
position with global adoption rate of 43 percent. Canola accounts for 27 percent and maize 
for 24 percent. The global adoption of Bt. maize is increasing at a very fast rate. 
9.3.4 The Global Value of Biotech Market 
In 2007, the global market value of biotech crops, estimated by CROPNOSIS, was 
US$ 6.9 billion representing 16% of the US$ 42.2 billion global crop protection market in 
2007, and 20% of the US$ 34 billion 2007 global commercial seed market. The US$ 6.9 
billion biotech crop market comprised of US$3.2 billion for biotech maize(equivalent to 
47% of global biotech crop market, up from 39% in 2006), US$ 2.6 billion for biotech 
soybean (37% down from 44% in 2006), US$ 0.9 billion for biotech cotton (13%)), and 
US$ 0.2 billion for biotech canola(3%).Of the US$ 6.9 billion biotech crop market, US$ 
5.2 billion (76%) was in the industrial countries and US$ 1.6 billion (26%)) was in the 
developing countries. The market value of global biotech crop market is based on the sale 
price of biotech seed plus any technology fees that apply. The accumulated global value 
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for the eleven year period, since biotech crops were first commercialized in 1996, is 
estimated at US$ 42.4 billion. The global value of the biotech crop market is projected at 
approximately US$ 7.5 billion for 2008. 
9.3.5 Future Prospects of Crop Biotechnology 
The global area of biotech crops continued to soar. Peoples in developing and 
industrial countries on all six continents have benefited significantly from the technology, 
particularly the humanitarian contribution to the alleviation of poverty, malnutrition and 
hunger in the countries of Asia, Africa and Latin America. The first dozen years of biotech 
crops have delivered substantial economic and environmental benefits to farmers in both 
industrial countries and developing countries, where millions of poor farmers have also 
benefited from social and humanitarian benefits which have contributed to the alleviation 
of their poverty. Experience confirms that commercialized biotech crops continue to 
deliver significant economic, environmental, health and social benefits to both small and 
large farmers in developing and industrial countries. The future for biotech crops looks 
encouraging. The number of biotech crop countries, crops and traits and hectarage are 
projected to double between 2006 and 2015, the second decade of commercialization in 
the developing countries, Burkina Faso , Egypt, and possibly Vietnam are potential 
candidates for adopting biotech crops in the next one or two years. The lifting of the four-
year ban on biotech canola in late November 2007 in the states of Victoria and New South 
Wales was a very important development for the future of biotech crops in Australia, 
where drought tolerant wheat is already being field tested. By 2015, the number of farmers 
adopting biotech crops could increase up to ten fold to 100 million, or more, assuming that 
only biotech rice will be approved in the near term. Genes conferring a degree of drought 
tolerance, expected to become available around 2011 will be particularly important for 
developing countries which suffer more from drought, the most prevalent and important 
constraint to increased crop productivity worldwide. The second decade of 
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commercialization, 2006-2015, is likely to feature significantly more growth in Asia 
compared with the first decade, which was the decade of the Americas, where there will be 
continued vital growth in stacked traits in North America and strong growth in Brazil. The 
mix of crop traits will become richer with quality traits making their long awaited debut 
with implications for acceptance, particularly in Europe. Other products, including 
pharmaceutical products, oral vaccines, and specialty products will also be featured. The 
use of biotechnology to increase efficiency of first generation food/feed crops and second-
generation energy crops for biofuels is likely to have significant impact and present both 
opportunities and challenges. Injudicious use of the food/feed crops, sugarcane, cassava 
and maize for biofuels in food insecure developing countries could jeopardize food 
security goals if the efficiency of these crops cannot be increased through biotechnology 
and other means, so that food, feed and fuel goals can all be met. The key role of crop 
biotechnology is to cost-effectively optimize the yield of biomass/biofuel per hectare, 
which in turn will provide more affordable fuel. However by far, the most important 
potential contribution of biotech crops will be their contribution to the humanitarian 
Millennium Development Goals (MDG) of reducing poverty and hunger by 50% by 2015. 
Adherence to good farming practices with biotech crops, such as rotations and resistance 
management, will remain critical as it has been during the first decade. The outlook for 
the next decade of commercializafion, 2006 to 2015, points to continued growth in the 
global hectarage of biotech crops, up to 200 million hectares, with at least 20 million 
farmers growing biotech crops in up to 40 countries, or more, by 2015. Genes conferring a 
degree of drought tolerance, expected to become available around 2010-2011, are 
projected to have substantial impact relative to current input traits and will be particularly 
important for developing countries which suffer more from drought, the most prevalent 
and important constraint to increased crop productivity worldwide. 
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On a global basis, there is cause for cautious optimism with the global area and the 
number of farmers planting biotech crops expected to continue to grow in the second 
decade beyond. In the established industrial country markets of the USA and Canada, 
growth will continue with the introduction of new traits. The global number and 
proportion of small farmers from developing countries growing biotech crops is expected 
to increase significantly to meet their food/feed crop requirements and meat demands of 
their burgeoning and more affluent populations. 
9.4 Status of Agricultural biotechnology in India 
India's greatest achievement in the past century has been its capability to expand 
its food production and thus keeping Malthusian fears at bay. Nevertheless, India still 
faces daunting challenge of hunger and malnutrition. Around 212 million people (21 
percent of India's population) are living in the state of food insecurity, live a life of 
permanent or intermittent hunger and are chronically malnourished, (FAO 2006a). 
Concerns are also arising from the fact that rapid growth from green revolution is waning, 
public investment in agriculture has failed to pick up, and intense input use has degraded 
the environment. Population growth, which has become more complex by urbanization 
and industrialization will put a limit on availability of land and water for agriculture, and 
in the decades to come per capita availability of agricultural land reduces. Therefore, if 
these concerns of future food security are left unaddressed it will lead to widespread 
hunger and civil unrest. Thus, there is no room for complacency as "there is no option but 
to produce more food and other agriculture commodities from less arable land and 
irrigation water. In other words, the need for more food has to be met through higher 
yields per unit of land, water, and time", (Swaminathan, 1999). Low productivity in 
agriculture is a major cause of poverty, food insecurity, and poor nutrition in low-income 
developing countries. In India yields of major food grains are stagnant or declining in the 
face of population increases. Pests and diseases cause substantial pre harvest and post 
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harvest losses of crops, livestock, and fish. Meeting the food needs of India's growing and 
increasingly urbanized population requires increase in agricultural productivity. In this 
millennium, we face the food, feed, and fiber production challenges in highly complex 
farming systems for several reasons. Water will become the scarcest factor in agricultural 
production because the quality and quantity of water is declining as a result of pollution, 
forest degradation, and increased agricultural, domestic, and industrial use, (ADB, 2001). 
Urbanization is resulting into the loss of agricultural land to residential and industrial 
development, and a decline in the number of farm workers. Most farmers are poor with 
small landholdings. In this grim scenario. Agricultural biotechnology offers great potential 
as an instrument for achieving food security and poverty reduction. It uses advanced plant-
breeding techniques to introduce beneficial traits to the crops grown for food and fibre. 
There are also possibilities to ensure adaptation of plants to specific environments, to 
increase plant tolerance for stresses, to increase pest and disease resistance, and to achieve 
higher prices in the market place. 
9.5 Significance of Biotechnology in India 
Dr. Norman Borlaug developed the dwarf variety wheat in Mexico, which was 
adopted in India and thus began the first green revolution, in 1960s. It resulted in doubling 
of food grain production from 120 million tons in 1960 to 210 million tons today. It was 
the combined effort of high yield seeds, extensive use of fertilizers, land reforms and 
irrigation schemes that resulted in this remarkable achievement. Food self-sufficiency was 
achieved by 1984. As the year 1995 dawned, India was a net food exporter. The Green 
Revolufion of the 1960s and 1970s boosted crop yields and helped lift millions of people 
out of hunger and poverty. But today many small-scale farmers remain trapped in 
subsistence agriculture. There are serious constraints to productivity in Indian agriculture 
because the 'green revolution' is showing signs of fatigue and farm productivity increases 
are now flattening. Most of the hungry people live in marginal lands and depend upon 
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agriculture for their livelihoods. For many of these people, food security will only come 
through increased agricultural production and income, (Sud, 2006). For a country like 
India, biotechnology is a powerful tool in improving the yield and quality of crops, whilst 
impacting on the environment in a number of beneficial ways such as increasing the 
adoption of environmentally beneficial conservation tillage practices, which help improve 
soil and water quality, and decreasing the use of pesticides. Biotechnology can overcome 
production constraints that are more difficult or intractable with conventional breeding. 
"Reducing poverty by half by 2015 is an imperative moral obligation and is one of the 
most formidable challenges facing the world today, to which biotech crops can make a 
vital contribution," (James 2004). With no more arable land available for agricultural 
expansion in India, enhancing stress tolerance in crop plants will permit productive 
farming on currently unproductive lands. "Biotechnology continues to be the most rapidly 
adopted technology in agricultural history, (James 2002). Biotech crops can significantly 
alter the lives of these farmers, limiting the time they must spend in the field and helping 
alleviate poverty. A revitalized Indian agriculture can be the engine of growth and 
biotechnology can provide the needed fuel, (Prakash, 2000). Biotech crops are also 
contributing to a reduction in pesticide usage, a positive step towards environmental 
protection because it makes possible the reduction of the insecticide load in the 
environment and reduces handling of such chemicals by farmers. 
9.6 Adoption of Biotech Crop in India 
India made its long awaited entry into commercial agricultural biotechnology in 
March 2002 with the regulatory approval of three Bt-cotton hybrids developed by Mahyco 
- Monsanto for control of boUworms. These contain Monsanto's lepidopteron specific 
Bollgard® Bt. gene, cry 1 Ac, which offers protection against all the major species of 
Indian bollworms - Helicoverpa armigera, Pecfinophora gossypiella, Earias vittella and E. 
insulana. These bollworms, especially H. armigera, have been very destructive pests. 
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causing an estimated annual loss of about US$ 300 million despite repeated spraying of 
insecticides (6 to 16 times or more for each crop). It is estimated that insecticides valued at 
$700 million are used on all crops annually in India, of which about 50 percent are used on 
the cotton crop alone especially to control bollworms,(Crop Biotech and Biosafety, 2007). 
Box 3: Chronology of Development and Approval of Bt-Cotton in India 
1995 
1996 
1996-1998 
1998-1999 
1999-2000 
2000 
2001 
2002 
2004 
Mahyco applied to Department of Biotechnology (DBT) for 
permission to import a small stock of BoUgard® (Bt-cotton) 
seeds from Monsanto Company, USA. DBT gave permission. 
A nucleus stock of 100 gms of cottonseeds of the American 
variety Coker 312 containing the Bollgard® Bt gene, cry 1 Ac, 
was received by Mahyco from Monsanto, USA. Mahyco 
initiated crossing Coker 312 with the Indian cotton breeding 
lines to introgress cry 1 Ac gene. 
40 elite Indian parental lines were converted for Bt trait. 
Risk-Assessment Studies were conducted, using Indian Bt-
cotton hybrids, in laboratories and fields designated by 
RCGM/GEAC. These included pollen escape, aggressiveness 
and persistence, biochemical analysis, toxicity and 
allergenicity. 
Multi-location field trials at 40 locations in 9 states to assess 
agronomic benefits and safety. Data submitted to RCGM. 
Field trials repeated at 10 locations in 6 states. Data 
submitted to RCGM. 
July 2000 Based on the recommendations of RCGM, the 
GEAC gave permission for large-scale field trials in 85 ha 
and seed production in 150 ha. 
Kharif 2001, Large-scale field trials covering 100 ha. Field 
trials were also conducted by All India Coordinated Cotton 
Improvement Project (AICCIP) of the Indian Council of 
Agricultural Research (ICAR). 
On 26 March 2002, GEAC approved Mahyco's three Bt-
cotton hybrids, viz. MECH-12, MECH-162 and MECH-184, 
for commercial cultivation in India. This approval was 
initially valid for three years and it came with certain 
conditions. 
It was a landmark decision as Bt-cotton is the first-ever 
biotech crop to receive such a regulatory approval in 
India. 
One more hybrid Bt-cotton containing cry 1 Ac gene was 
approved by GEAC. 
222 
2005 
2006 
16 additional Bt-cotton hybrids containing cry 1 Ac gene were 
approved. 
A second event featuring staked genes, cry 1 Ac and cry2Ab, 
developed by MMB (7 hybrids); a third event featuring 
fusion genes, crylAb and cry 1 Ac, developed by Nath Seeds 
(3 hybrids) and a fourth version featuring cry 1 Ac with a 
different event (Event 1) (4 hybrids) were approved for 
commercialization. 28 more hybrids with the single gene, 
cry 1 Ac, were also approved. 
In 2006, altogether 62 Bt-cotton hybrids representing 4 
events from 15 companies were approved for 
commercialization. 
Source: Crop Biotech and Biosafety, 2007. 
9.6.1 Growth of Bt. Cotton in India 
Bt. Cotton is the first and only transgenic crop approved initially for commercial 
cultivation in India in six states namely Andhra Pradesh, Gujarat, Karnataka, Madhya 
Pradesh, Maharashtra and Tamil Nadu in March 2002 for three Bt. Cotton hybrids (Bt. 
MECH 162, Bt. MECH 184, Bt. MECH 12) for a period of 3 years with an area of 50,000 
hectares, (James, 2004). Five years later in 2007 the Bt. cotton area has soared to 6.2 
million hectares grown by 3.8 million small and resource-poor farmers. Notably, more 
than 9 out of 10 farmers who grew Bt. cotton in 2005 also grew it in 2006 and similarly in 
2007. For the third consecutive year, India has reported the highest proportional increase 
of any biotech crop country in the world with an impressive gain of 63 percent in 2007. 
This confirms the trust and confidence of farmers in Bt. cotton after experiencing its 
superior performance in their own fields. The reason for the spectacular growth in Bt. 
cotton is that it has consistently delivered unprecedented benefits to farmers and to the 
nation. Bt. cotton has increased yield by up to 50 percent, reduced insecticide sprays by 
half, with environmental and health implications, and increased income by up to US$250 
or more per hectare, which has contributed to social benefits and the alleviation of their 
poverty. At the national level, increased farmer income from Bt cotton in 2006 was 
estimated at US$840 million to US$1.7 billion, production has almost doubled, and India, 
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which used to have one of the lowest cotton yields in the world, is now an exporter rather 
than an importer of cotton, (James, 2007). India's Minister of Finance recently cited the 
success of Bt. cotton and advocated that, "It is important to apply biotechnology in 
agriculture - what has been done with cotton must be done with food grains. The success 
achieved in cotton must be used to make the country self sufficient in rice, wheat, pulse 
and oilseed production." While insect resistance and herbicide tolerance are the only 
traits currently available in biotech cottons, a broad range of other traits are under 
development using modern biotechnology. These may impact agronomic performance. 
stress tolerance, fiber quality and yield potential directly. 
Table 5: Trend of growth of BT. Cotton in India 
Year Area (hec) % change 
2002 50,000 ^^-
2003 100,000 100 
2004 500,000 400 
2005 1,30,0000 160 
2006 3,80,0000 192 
2007 6,20,0000 63 
Source: James 2004 and James 2007. 
BT cotton acreage in India grew by an impressive 400 percent in year 2004, 160 
percent in 2005, 192 percent in 2006 and 63 percent in 2007. Ninety percent of the Indian 
farmers, who have experienced the benefits of biotech cotton in the past, intend to plant 
the enhanced seeds again this year, (Table 5). 
9.6.2 Yield and Production: Pre & Post Release of BT. Cotton in India 
Over the last few years, India has achieved significant quantitative increase in 
cotton yield and production. Until recently, India used to import massive quantities of 
cotton in the range of 8 to 9 lakh bales per year. Coincidental with the steep increased 
adoption of Bt. cotton between 2002 and 2006, the average yield of cotton in India, which 
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had one of the lowest yields in the world, increased from 308 kg per hectare in 2001-02 to 
467 kg per hectare in 2005- 2006 and 501 kg per hectare in 2006-07, with most of the 
increase in yield of up to 50 percent, or more, attributed to Bt. cotton. At a national level, 
this is a major factor in higher cotton production increasing from 158 lakh bales in 2001-
02 to 244 lakh bales in 2005-06 and 270 lakh bales in 2006-07, which is a record cotton 
crop for India. (Table 6). 
Table 6: Production and Yield of Cotton in India. 
Year Production (lakh Bales) Yield (Kg/hectare) 
2000-01 140 278 
2001-02 158 308 
2002-03 136 302 
2003-04 179 399 
2004-05 243 470 
2005-06 244 467 
2006-07 270 501 
Source: Cotton Corporation of India, 2007. 
9.6.3 Improvement in Yield and Reduction in Chemicals Use 
Independent assessments indicate that millions of farmers in India, China and 
South Africa have derived substantial economic, environmental, health and social benefits 
from biotech cotton. Both pre and post commercialization studies conducted by several 
public institutions and private seed companies (under the monitoring of RCGM) have 
indicated that Bt-cotton has increased farmers' income. The multi-location field trials 
conducted by Indian Council of Agricultural Research (ICAR) in 2001 with Mahyco's 
three Bt-cotton hybrids, as a part of the regulatory requirements, revealed that these 
hybrids yielded 60 to 92% more than the local and national checks and fetched a net profit 
between Rs.4,633 and Rs.lO,205/ha which was about 67% higher . Bt. cotton had an 
increase in yield by 29 percent and reduction in pesticides spray by 60 percent as compare 
to non-Bt. cotton. The net profit thus occurred averaged Rs.7, 724 (US$ 175.5)/ha, (AC 
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Nielsen ORG-MARG, 2004). International Market Research Bureau (IMRB) survey in 
2004 & 2005, revealed that on an average, yield increase owing to effective bollworm 
control ranged from 29 to 58 percent (4.25 to 7.4 quintals/ha), pesticide reduction from 60 
to 72 percent (savings of Rs. 2,800 to 3,200 per hectare) and increase in net profit to 
farmers from 60 to 78 percent (Rs.7, 725 to 14,700 per hectare). In a more recent (2006) 
study conducted in Maharashtra, Gujarat, Andhra Pradesh and Tamil Nadu by the Indian 
Institute of Management (IIM), Ahmedabad, reported an yield gain of 31 percent, 
reduction in the number of pesticide sprays by 39 percent and an 88 percent increase in 
profit (Rs.l 1,250 or US$250 per hectare). 
Mrs. Aakkapalli Ramadevi, is a woman subsistence farmer from Andhra Pradesh, 
who laboriously tills 3 acres (1.3 hectares), and is typical of a small and resource-poor 
farmer in India who has benefited from Bt cotton. Before the advent of Bt. cotton she 
said "The yields were very low and we used to incur losses, so we were perpetually losing 
money - to sum it up, we were badly off and unable to afford anything properly ". After 
planting Bt. cotton for two years she says, "Finally, cotton cultivation has actually turned 
profitable." Compared with women in non-Bt cotton households, women in Bt. cotton 
households report slightly more antenatal visits and assistance with births at home, and 
their children have higher school enrollment and a higher proportion vaccinated. The story 
of Bt. cotton in India is remarkable. With political will and farmer support in place, 
adoption is projected to continue increasing with Bt. cotton plantings escalating from the 
current 66% to 80% or more. Coincidentally, new biotech products such as Bt. eggplant, 
an important food and cash crop that can benefit up to 2 million small and resource-poor 
farmers, is in advanced large scale field trials, with expectations of approval in the near 
future, (James, 2007). 
The success story of Bt. cotton in India clearly establishes that biotechnology can 
help a lot in improving the productivity of different other important crops. If the adoption 
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biotechnology in only one crop can give such spectacular results, it should not be hard to 
imagine that what would be benefits if this technology is adopted in wheat, rice, maize and 
other important crops in our country. 
9.7 Emerging Concerns 
The benefits of BT cotton in India are in line with those enjoyed by farmers 
worldwide who have cultivated BT cotton. This will positively affect the livelihood of 
millions of small farmers by improving their net incomes. In fact, the use of BT cotton is a 
positive step towards environmental protection because it makes possible the reduction of 
the insecticide load in the environment and reduces handling of such chemicals by 
farmers. Efforts are being made to incorporate another gene (BoUgard II) to improve 
efficacy and postpone possible resistance problems. As newer products are approved in the 
regulatory system, it is likely that farmers will have greater choice to plant hybrids 
according to market quality requirements. But there are serious inadequacies in GMO 
regulations. The complicated bureaucratic process is responsible for the failure of India to 
adopt GMOs (Genetically Modified Organisms) crops on vast scale. The regulatory 
system is evolving but the evolution is too slow. The inexplicable and inordinate delays by 
the regulatory system in releasing the technology in good hybrids have led to the 
mushrooming of the illegal BT cotton. The regulatory system is unable to do anything 
about the spread of the illegal BT cotton, which is spreading at an unabated and alarming 
rate. 
The high demand for BT. cotton has spawned a parallel industry of unapproved Bt. 
cotton seed which is of dubious origin and quality. In fact, illegal Bt. cotton seed was in 
the market even before the first approval of Bt. cotton for commercial cultivation was 
granted by Genetic Engineering Approval committee(GEAC), (Jayaraman, 2001, 2004). A 
recent news (Sainath, 2005) states that against 90,000 seed packets of legal Bt. cotton sold 
in Yavatmal district of Maharashtra the number of illegal packets sold was 250,000. 
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According to field reports of Research Foundation for Science Technology and Ecology, 
illegal Bt. cotton sold under 32 different names was sown in 2004 season, (Sharma 2005). 
The unauthorised cultivation of BT cotton is bad for the future of GM crops in the country 
in several ways. It will encourage similar misadventure in other parts of the country and 
thus give a new whip for the NGOs to ridicule the regulatory measures and GM crops, and 
it will further delay the introduction of GM crops into India by generating fresh 
controversies. 
Containing the spread of illegal BT cotton should have been the priority of the 
regulators, however, nothing is being done in this regard. It is widely felt that deregulation 
of transgenic technologies like Bt cotton (Cryl A(c) gene in cotton) where bio-safety is 
proven and approved for commercial use, as it is the case in countries like the US and 
Australia, is the solution for several of the regulatory problems with transgenic crops like 
Bt cotton in India. "The current regulatory system is releasing every hybrid on a casc-by-
case basis after two-three years of mandatory testing for assessing purely the agronomic 
potential of the hybrid," (Kumar, 2005). The major reason for the inordinate delay in 
technology being available to the farmer in good hybrids is the current regulatory system. 
9.8 Epilogue 
The large scale adoption of Bt. cotton by Indian farmers is a testimony to the 
success of Bt. technology under diverse and highly complex Indian farming condition. 
Besides protecting the crop against bollworm attack that results in higher cotton yield and 
increased net income, the technology offer promise of other benefits associated with 
reduction in the use of broad spectrum pesticides. These include conservation of natural 
enemies of bollworm, reduced soil and water contamination, and health benefits to farm 
workers who would come in lesser contact with pesticides. 
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Any technological innovation takes time to stabilize and become widely 
acceptable. This is particularly so in agriculture, as many factors are involved in its 
success at the grassroots level. We still need to have Bt. technology which could be 
afforded by small farmers, diverse sources of insect-pest resistance in agronomically 
superior genotypes, good public/farmers awareness programmes, well regulated seed 
distribution system and conducive market for the produce. Strict adherence to the 
prescribed procedures and regulatory measures at all stages of development and 
cultivation of GM crops is an imperative. Equally important is the cooperation between Bt. 
variety developers and both public and private sectors and Civil Society Organization 
(CSOs) in producing factual and reliable information about the performance of these 
varieties at farmer's field level, (APCoAB, 2006).The emergence of India as a global 
player in the biotech sector requires government to play the role of a champion and foster 
an international competitive environment for investment and enterprise development. 
India's strategy must be to get more value from its R&D investment and from IPR 
generation. The Biotechnology sector has in recent years witnessed accelerated growth. 
India has to develop its own biotechnological products to ensure quality and affordability 
for global trade. 
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Chapter - 1 0 
Risks and Benefits 
Analysis of Agricultural 
Biotechnology 
Chapter 10 
10.1 Risks and Benefits 
As with any science and technology, agricuUural biotechnology can bring with 
it benefits and risks. It is the risks of agricultural biotechnology that have received 
widespread publicity in the media even though biotechnology has also been applied to 
health and industrial sectors. Environmental NGOs have been particularly vocal in 
taking issue with the new technologies derived from or incorporating GMOs. As a 
consequence, in the public debate, biotechnology has become synonymous with 
GMOs, although they are only one of the many products of biotechnology. Curiously, 
biotechnology and GMOs in health-care products now in widespread use (insulin, 
hepatitis vaccine, medication for cardiovascular disease, etc.) or for industrial 
purposes such as bioremediation have elicited no such controversy. This can probably 
be attributed to the lack of benefits to consumers in the first generation of genetically 
modified (GM) crops. The main focus was on herbicide and insect resistance that 
benefited farmers, seed producers, and chemical companies. It is expected that the 
next generation of genetically modified foods will benefit consumers, nutritionally or 
from taste or storage benefits, and accordingly may be better accepted. 
In considering the potential risks and benefits of modern biotechnology, it is 
useful to distinguish technology-inherent and technology-transcending risks, 
(Leisinger 2000). Technology-inherent risks are those where the technology itself has 
potential risks to human health, ecology, and the environment. Technology-
transcending risks include those that are not specific to the technology but where its 
use may have risks. For biotechnology these include the risk of increasing the poverty 
gap within and between societies, reducing biodiversity, and antitrust and 
international trade issues. A number of food-related crises in recent years have made 
consumers particularly sensitive about food safety issues. Health and food safety 
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concerns are again at the forefront in Europe following additional cases of mad cow 
disease (bovine spongiform encephalopathy) and the banning throughout the 
European Union of blood and bone meal in feed for all animals. These crises have not 
been caused by GMOs, but by the intensification of agriculture and food production, a 
fact that appears to have escaped public attention. In Europe in particular, demands 
have been made for informative food labeling so that consumers may, if they wish, 
avoid genetically modified foods. The anti-GMO movement reveals profound mistrust 
of developments in science and technology and of the forces seen to be driving them. 
Genetically modified crops such as maize, sorghum, cotton, and canola have been 
widely grown for the last five years, yet no harmful effects on human health or the 
environment have been detected. That was one of the conclusions oi^ the OECD-
sponsored conference held in Edinburgh, UK, in 2000, (ADB, 2001). However, it is 
generally agreed that government and the private sector are responsible for 
monitoring the long-term effects of GMOs on human health and the environment. 
10.2 Potential Risks of Biotechnology 
The risks associated with modern biotechnology fall into four categories food 
safety, environmental, socioeconomic, and ethical. Some of these concerns relate to 
potential risks inherent in modem biotechnology and can be described as technology-
inherent, (Leisinger 2000). Others are related more to value systems or cultural 
practices and can be described as technology-transcending. 
10.2.1 Food Safety Concerns: Risks to Human Health 
In 1994, the first genetically modified (GM) food, a tomato with a delayed 
ripening trait, was grown and consumed in a developed country. Since then, a 
growing number of foods derived from GM crops have been introduced into the 
market and safely eaten in countries all over the world. GM crops are developed 
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using the tools of modern biotechnology. It is because of this that many have 
questioned whether these foods are safe as those that have been developed using more 
traditional agricultural methods. What is the difference between conventional plant 
breeding and plant biotechnology? Will food from modified crops be safe? Could the 
products of marker genes have unforeseen effects on consumers? Could marker genes 
be transferred to other organisms, for example, bacteria in the human digestive 
system? Will food from modified plants have a different nutritional quality from that 
of the food it replaces? Their purpose is one and the same: to produce superior plant 
varieties with improved characteristics that make them better to grow or more 
desirable to eat. 
Genetically Modified (GM) foods are not intrinsically good or bad for human 
health. Their health effect depends on their specific content. GM foods with higher 
iron content are likely to benefit iron-deficient consumers. But the transfer of genes 
from one species to another may also transfer characteristics that cause allergic 
reactions. Thus, GM foods need to be tested for allergy transfers before they are 
commercialized. 
Potential health risks of genetically improved organisms relate to assessing 
and minimizing the risk of food allergens in genetically improved food. New 
biotechnology based methods allow the identification, characterization, and 
minimization of risks of food allergens. Genetically improved crops and food, and the 
risk of allergens associated with them, are now a concern throughout the world, 
especially in industrial countries. More than 90 percent of food allergens that occur in 
2 percent of adults and 4-6 percent of children are associated with eight food groups. 
Allergencity of genetically improved foods can be raised in crops and foods either by 
raising the level of endogenous allergen or by introducing a new allergen, (Lehrer, 
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2000). Assessment of the risk of allergens is a challenge. The International Life 
Sciences Institute (ILSI) has developed a decision tree that provides a framework for 
risk assessment, (Lehrer 2000). A key concern of consumers is being able to identify 
where allergens are found. Consumers want to know where the potential for food 
allergen exists. Methods of testing and evaluating risks of toxicity and carcinogenicity 
are well established for food, (Lehrer 2000). The question remains as to whether 
developing countries can implement and use currently available technologies and 
protocols to assess food allergens and other health risks. The techniques are well 
established, and should be readily implementable by trained professionals. Although 
no clear cases of harmful effects on human health have been documented from new 
genetically improved food that does not mean that risks do not exist and they should 
be assessed on a case by case basis. 
Box 1: Summary of Perceived and Genuine Risks of Genetically Engineered 
Foods and Crops. 
Nature of Risk: Food Safety 
Type Of Risk 
Toxins and poison. Inl998, a scientist in 
the Rowett Institute found that GE 
potatoes spliced with DNA from the 
snowdrop plant (a viralpromoter) are 
poisonous to mammals. 
Remarks 
The UK Government's Advisory 
Committee for Novel Food and Process 
examined the data and concluded that the 
experiment was faulty and the 
conclusions were wrong. 
Increased cancer risks. Monsanto's 
bovinesomatotrophin (growth hormone) 
injected into dairy cows to produce 
more milk has been reported to cause 
cancer in human breast, prostate, and 
colon. 
This is not a GM food. In any event, 
Canada and the European Union have 
banned its use. A United Nations Food 
Standard body has not certified its safe 
use. The hormone is no longer widely used 
in US. 
Food allergies. In 1996, a Brazil nut 
gene spliced into soybean was reported 
to induce potentially fatal allergies in 
people sensitive to Brazil nuts. 
The safety assessment confirmed that the 
protein was an allergen and the 
development was abandoned. A standard 
laboratory test has been available to test 
possible allergenicity in GE products. 
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Contamination. StarLink, a GE maize 
variety approved for animal feed but not 
for human consumption, was found in 
an Ingredient used by some US beer 
makers and intaco shells in the US in 
2000. 
The incident was caused by an accidental 
mix of StarLink with vast amounts of other 
maize during harvest, storage, and 
distribution. The contaminated food was 
recalled and destroyed. A number of quick 
and cheap tests are available to determine 
the presence of GM products in food. 
Antibiotic Resistance. Use of an 
antibiotic marker gene in the 
development of GE crops may 
contribute to the growing public health 
danger of antibiotic resistance. 
There is little or no evidence about this 
risk yet. But this is an emotive topic, and 
developers have now replaced the 
antibiotic marker with a safer marker. 
Source; Skerritt (2000) and Wolfenbargen and Phifer (2000). 
To address food safety concerns, the following measures have been adopted 
by some countries: (i) Some countries have regulatory procedures, institutions, and 
infrastructure in place to ensure food safety, (OECD 2000). These regulations cover 
all aspects of the food chain, from farm inputs (including animal feed, feed additives, 
pesticides, fertilizers, veterinary drugs) through production and processing (including 
agricultural products, processed food, novel foods, food additives), to transportation, 
storage, and distribution, (ii) Formal science-based procedures for risk analysis of 
food have been adopted by some countries. These continue to evolve with new 
scientific information about food safety, emerging pathogens, new technology, and 
consumer demands for a high level of public health protection. Generally, the 
procedures conform to international standards set by the Codex Alimentarius 
Commission of FAO. (iii) Some countries have adopted a variety of approaches to 
regulate genetically modified foods, either by applying existing food safety measures 
or enacting new legislation, (iv) In response to consumer demands, a growing number 
of countries are introducing labeling. Opinions differ on whether labeling should be 
mandatory or voluntary, as well as on acceptable tolerance levels and on the type of 
information to be used. Two labeling issues currently being addressed are segregation 
and traceability. Segregation relates to the ability to attest to the separation of 
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genetically modified and non-genetically modified crops (as in the case of soybean in 
processed foods). Traceability means being able to attest to the origins of food 
products. Traceability is of particular importance in the current controversy related to 
mad cow disease. 
Currently, labels provide consumers with nutritional and health safety 
information. Labels can also be used for marketing and promotional purposes. The 
labeling policy for products derived from GM crops is under intense debate. Right 
now, countries have three choices: mandatory, voluntary, or no labeling (status quo). 
Most countries are leaning towards some kind of labeling, whether it is mandatory or 
voluntary. However, many food producers argue that labeling these products is 
another unnecessary burden passed on to them. These products, after all, have 
undergone various levels of biosafety and risk assessment tests. On the other hand, 
consumers argue and insist on their basic right to know what they are eating. Labeling 
will give them a certain degree of confidence to make an informed choice. Labeling 
policies and regulations are complex, especially if the starting point of labeling 
includes the process rather than the final product. Current labeling regulations require 
labels for all foods (whether GM or not) if there is a change in nutritional composition 
or if an added component is toxic or allergenic. These regulations are based on the 
chemical characteristics of the food product and not on the way the product was 
made. 
Right now, the decision to label GM products is not so much related to the 
actual safety of the product, but rather on the "fear" alluded to such products. It may 
take some time to correlate the issue of labeling with safety of the GM products as 
determined by scientific protocols and tests. Effective labeling requires the existence 
of standards, testing, certification, and enforcement services. Governments must 
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ensure that the quality standards are clear and achievable. They must ensure that 
testing services are available to measure validity of labeling claims and that a 
mechanism for enforcing labeling rules exist, including a mechanism to punish 
producers who make false claims. 
10.2,2. Environmental Concerns: Ecological and Environmental Risks 
The debate over the environmental impact of genetically modified (GM) crops 
is growing increasingly complex, intense, and extremely emotional. It is further 
complicated as new research is published. Assessing the environmental impact of GM 
crops is often difficult as many factors are considered. Some scientists focus on the 
potential risks of GM crops, while others emphasize their potential benefits. Just what 
are the issues and how can we address them? 
What Is The Current Environmental Situation? 
A growing population, global warming, and loss of biodiversity are having a 
tremendous impact on our environment. By the year 2050, there will be 9.3 billion 
people living on this planet. This means that in the next 50 years, population is 
expected to increase by 3 billion. Feeding these people will mean massive changes in 
the production, distribution, and stability of food products. Unfortunately, cropland 
and population are not uniformly distributed. For example, China has only 1.4 percent 
of the world's productive land but 20-25 percent of the world's population. This 
situation is aggravated by diminishing cropland due to erosion, fewer renewable 
resources, less water, and a reduced population working the land. The destruction of 
wilderness and forests and continued use of coal and oil have led to a steady increase 
in carbon dioxide levels resulting in global warming. It is predicted that the average 
global temperature will rise by 1.4-5.8°C by the year 2100 with increasing 
fluctuations in weather conditions. Climate change can radically alter rainfall patterns 
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and therefore require the migration of people and shifts in agricultural practices. 
Further, an increasing human population is responsible for wilderness destruction, 
water quality problems, and diversion of water. The loss of habitat has resulted in 
many species being displaced. Thus, to conserve forests, habitats, and biodiversity, it 
is necessary to ensure that future food requirements come only from cropland 
currently in use. 
How Are GM Crops Assessed For Environmental Safety? 
GM crops are thoroughly evaluated for environmental effects before entering 
the marketplace. They are assessed by many stakeholders in accordance with 
principles developed by environmental experts around the world. Among those who 
conduct risk assessment procedures are the developers of GM crops, regulatory 
bodies, and academic scientists. Most countries use similar risk assessment 
procedures in considering the interactions between a GM crop and its environment. 
These include information about the role of the introduced gene, and the effect that it 
brings into the recipient plant. Also addressed are specific questions about 
unintentional effects such as: impact on non-target organisms in the environment 
whether the modified crop might persist in the environment longer than usual or 
invade new habitats likelihood and consequences of a gene being transferred 
unintentionally from the modified crop to other species. In addition to performing pre-
commercialization tests for environmental safety, every GM crop should also be 
subjected to post approval monitoring by the product developer, independent 
researchers, and government scientists. This helps ensure that biotech crops continue 
to be safe for consumers and the environment. 
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What Are The Potential Risks? 
A major environmental concern associated with GM crops is their potential to 
create new weeds through out crossing with wild relatives or simply by persisting in 
the wild themselves. A ten year study initiated in 1990 demonstrated that there is no 
increased risk of invasiveness or persistence in wild habitats for GM crops (oilseed 
rape, potatoes, corn, and sugarbeet) and traits (herbicide tolerance, insect protection) 
tested when compared to their unmodified counterparts. The researchers stated, 
however, that these results "do not mean that genetic modifications could not increase 
weediness or invasiveness of crop plants, but they do indicate that productive crops 
are unlikely to survive for long outside cultivation." It is therefore important, as 
regulations require, evaluating individual GM crops on a case-by-case basis. 
The environmental and ecological concerns potentially associated with GM 
crops are evaluated prior to their release. In addition, monitoring and good 
agricultural systems are in place to detect and minimize potential risks. Comparisons 
among GM, conventional, and other agricultural practices, such as organic farming, 
will bring to light the relative risks and benefits of adopting GM crops. 
A number of biotechnology applications are not seen to present any new 
threats to the environment. That is the case with tissue culture, diagnostics, and 
market-selected plant breeding. On the other hand, there is fear of potential risks from 
the release of GMOs into the environment. The potential risks of GMOs on the 
environment may include increased pesticide residues, genetic pollution, damage to 
beneficial insects, creation of super weeds and super pests, creation of new viruses 
and bacteria, and genetic bio invasion. To address environmental concerns, countries 
would have to address questions like: Will modified plants transfer their introduced 
genes into wild relatives growing nearby? Will modified plants that produce new 
compounds (such as insecticides) disrupt the balance of nature in some way? Could 
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the planting of a restricted number of cultivars leave crop plants more susceptible to 
diseases? Could the planting of a restricted number of cultivars lead to a reduction in 
biodiversity (crop plants, weeds, insects and micro flora in the fields in question)? 
Will genetically modified plants be able to avoid the factors that regulate natural 
populations and thereby change the usual balance between populations? 
Some countries have adopted the following safeguards: (i) Most current 
biotechnology applications in tissue culture and micro propagation, diagnostics and 
vaccines, and marker assisted plant breeding are subject to existing regulations. They 
include phyto sanitary regulations and plant quarantine, varietal certification of seeds, 
and veterinary product regulations. These regulations usually conform to international 
standards, guidelines, or recommendations such as those set by the International Plant 
Protection Convention or the International Bureau of Epizootics for animal products, 
(ii) A number of countries have introduced new requirements and procedures for the 
environmental release of GMOs. Procedures for hazard identification and risk 
assessment of GMOs are now well established in most OECD countries, and in some 
Asian countries. 
The risks policymakers and regulators need to assess include the potential for 
spread of traits from genetically improved plants to the same or related species, plants 
(including weeds), the build up of resistance in insect populations, and the potential 
threat to biodiversity posed by widespread monoculture of genetically improved 
crops. A transparent, science based framework is required, which assesses risks on a 
case by case basis and takes account of all stakeholder views. Environment related 
issues to be considered in each case include the possibilities for gene transfer, 
weediness, specific trait effects, genetic and phenotypic variability, and expression of 
pathogenic genes. Risk management needs to consider the prospects for managing any 
specific risks identified with a proposed release. Experience is accumulating in the 
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management of the Bt. genes in transgenic cotton varieties in several countries and 
this need to be closely monitored. An agricultural sustainability protocol that balances 
risks and benefits may have value for the approval and use of new crop varieties. 
Cook (2000) describes the findings of recent field trials that conclude there appears to 
be no new issues in the testing of genetically improved plants. The same protocols to 
assess the effect in the environment of the introduction of genetically improved plants 
should apply to plants derived through conventional plant breeding. The "bar" should 
not be higher for genetically improved plants, and the protocols must cover all plants 
regardless of the process. This being the case, there seems minimal environmental risk 
in the plant itself The risks lie in the management of the cropping system involving 
soil, water and other inputs. There is a need for the establishment of baseline 
information in the environment where such introductions are to be made. There is 
very little known on this, although some understanding has been gained over recent 
years, and further R&D is required, (Cook 2000). The information derived from such 
an assessment needs to be handled through risk management associated with "plants 
as plants." Risk management involves the consideration of traditional cultural 
practices that have evolved overtime, and new knowledge gained from research in 
agronomy, plant pathology, entomology, weed science, plant biology, soils, 
microbiology, and other disciplines. 
Biotechnology and Biodiversity 
Risks to biodiversity and wildlife are important issues in particular 
environment. Careful assessment is necessary of the risks associated with the possible 
creation of new selection pressures coming from the introduction of genetically 
improved organisms into the environment. Of special concern is the potential impact 
on biodiversity of genetically improved organisms as the selection pressures wield 
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influence in the species composition of the ecosystem. These concerns merit further 
study, especially on the behavior of genetically improved organisms in the open 
environment. The framework for strategic planning in the deployment of genetically 
improved organisms should be formulated with sustainability as the primary concern, 
(Johnson 2000). 
Box 2: Summary of Perceived and Genuine Risks of Genetically Engineered 
Foods and Crops. 
Nature of Risk: Environmental Risks 
Type Of Risk 
1. Increased pesticide residues. 
Farmers growing GE crops will use 
as many toxic insecticides and 
herbicides as conventional farmers, 
thus increasing pesticide residues in 
soils and on crops. 
Genetic pollution. Wind, rain, 
birds, and bees have carried 
genetically altered pollen into 
adjoining fields, contaminating the 
DNA of organic, non-GE crops. 
3. Damage to beneficial insects. 
Scientists from Cornell University 
found that pollen from Bt maize 
was poisonous to Monarch 
butterflies and may be to other 
beneficial insects as well. 
4. Creation of super weeds. GE 
crops (soybean and canola) 
resistant to herbicides may transfer 
their resistance to weeds, turning 
them into super weeds, which 
cannot be controlled by herbicides. 
5. Creation of super pests. GE crops 
(maize and cotton) resistant to pests 
may transfer their resistance to 
pests, turning them into super pests 
which cannot be controlled by 
pesticides. 
6. Creation of new viruses and 
bacteria. Biotechnology could help 
terrorists to create killer viruses or 
Remarks 
This risk is not yet proven statistically. There 
are reports that farmers growing GE crops 
resistant to pests and herbicides are able to 
reduce production cost significantly through the 
reduced use of pesticides. That was a major 
reason why farmers adopted GE crops widely 
in the PRC and the US. 
This genetic pollution is not an environmental 
issue unless the transfer of pollens causes some 
kind of environmental damage. Pollen 
contamination has taken place for centuries 
with or without genetic engineering. 
Monitoring systems have been devised in the 
PRC and the US to evaluate the long-term 
effect of GE crops on beneficial insects. 
This fear has yet to be proven. Scientists' are 
closely monitoring the use of GE crops resistant 
to herbicides. 
As above, this fear has yet to be proven in 
practice. There is no known mechanism by 
which pest resistance from a plant may be 
transferred to an insect pest. 
This could happen, even without 
biotechnology. Terrorists' historically have 
managed to acquire and subvert beneficial 
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bacteria, which could be used in 
biological weapons. 
technologies to antisocial purposes. 
There is as yet no scientific evidence that such 
plants and animals can be created through 
biotechnology. 
7. Genetic bioinvasion. By virtue of 
their superior genes, some GE 
plants and animals will inevitably 
run amok, overpowering wild 
species in the same way that 
introduced exotic species do. 
Source: Skerritt (2000) and Wolfenbargen and Phifer (2000). 
10.2.3 Socio-economic Concerns: Technology Transcending Risks 
Modern biotechnology R&D has been conducted in an institutional and 
economic environment that differs significantly from the development of the earlier 
Green Revolution technologies. While the latter were essentially the prerogative of 
public research institutions and philanthropic foundations, developments in 
biotechnology have been driven essentially as a competitive, commercial endeavor in 
which powerful private sector actors compete. The major socioeconomic risk of 
agricultural biotechnology stems from the fact that the research, development, 
commercialization, and distribution of new biotechnological products have been 
carried out mainly in developed countries by a few, large, multinational companies. 
These companies have focused on temperate crops for large farmers in developed 
countries. Undertaking R&D on Asia's basic food crops for small farmers in rain fed 
and marginal areas is of little interest because they see limited returns from such 
investments. If this trend continues, modern biotechnology will aggravate the income 
disparity between developed and developing countries, and between large and small 
farmers, (ADB, 2001). And hence there are apprehensions that: How will the structure 
of farming (particularly in developing countries) be affected by biotechnology? How 
will patent laws affect traditional breeders (for example, the right to save seed from 
one year to the next)? Will plant breeding be left increasingly in the hands of a few 
companies, and if so, what effects might this have? Will some countries be plundered 
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for their genetic resources? What share of public resources (both financial and human) 
to be diverted to biotechnology research? Increased public investments in agricultural 
biotechnology are necessary to ensure that small, poor farmers have access to 
biotechnology. Governments must also address the potential gender disparity in the 
access to technology, and the negative impact specific to women, since no technology 
is gender neutral. Lessons from earlier agricultural technological changes should be 
used as a caveat, (ADB, 2001). 
Box 3: Summary of Perceived and Genuine Risks of Genetically Engineered 
Foods and Crops. 
Nature of Risk: Socio-Economic Risks 
Type Of Risk 
1. Terminator technology will render 
seeds infertile and force hundreds of 
millions of farmers to purchase more 
expensive GE seeds and chemical inputs 
from a handful of global biotechnology 
and seed companies. 
2. High concentration of biotechnology 
research and development in developed 
countries will widen the income disparity 
between developed and developing 
countries, and between large and small 
farmers. 
Remarks 
The Monsanto Company has withdrawn 
the Terminator gene from its GE crops 
following many complaints from farmers. 
The public sector in Asia should accord 
high priority to biotechnology 
development that addresses the problems 
of small farmers. 
Source: Skerritt (2000) and Wolfenbargen and Phifer (2000). 
Unless countries have policies in place to ensure that small farmers have 
access to delivery systems, extension services, productive resources, markets, and 
infrastructure, there is a risk that the introduction of agricultural biotechnology could 
lead to increased inequality of income and wealth. In such cases, larger farmers are 
likely to capture most of the benefits through early adoption of the technology, 
expanded production, and reduced unit costs. There is a need for biotechnology to be 
integrated with appropriate policies and other conventional programs. The positive 
and negative impacts of biotechnology should be monitored over time in terms of 
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whom and what are affected and how they are affected. Monitoring impact will 
provide guidance for public policymaker's in the future, (Perseley, 1999). 
10.2.4 Ethical Concerns 
Ethical issues may stem from the uneven or inequitable impact of an 
expanding global economy; from the national social, economic, and political context 
or from individual values, (ADB, 2001). What will consumers be told about the new 
food products? (Right of the consumer to know). What are the implications of 
introducing animal/bacterial genes into plants? Is it acceptable to interfere with nature 
through genetic engineering? Do we have the right not to use all means available to 
improve crop plants, especially when so many people are undernourished or 
malnourished? Do we have alternate strategies/tested technologies to improve food 
productivity to provide food to the malnourished sector of the society? Indeed, it may 
be difficult to reconcile personal values with what a majority regard as the common 
good. One of the ethical concerns raised by biotechnology and particularly GMOs is 
that it is unnatural and an unwarranted tampering with nature. However, seen in 
historical perspective, most technology developments in agriculture over the centuries 
have involved, in one way or another, efforts to overcome the vagaries of nature. 
In 1998, the Consultative Group on International Agricultural Research, 
(CGIAR) system agreed to a statement of ethical principles underlying the work of 
the CGIAR centers in biotechnology. A major ethical concern is that "genetic 
engineering" and "life patents" accelerate the reduction of plants, animals, and 
microorganisms to "mere commercial commodities bereft of any sacred character", 
(Andersen, and Cohen. 2000). However, all agricultural activities constitute human 
intervention into natural systems and processes, and all efforts to improve crops and 
livestock involve a degree of genetic manipulation. 
244 
Box 4: Summary of Perceived and Genuine Risks of Genetically Engineered 
Foods and Crops. 
Nature of Risk: Ethical Concerns 
Type Of Risk 
Biotechnology reduces all life to bits of 
information (genetic code) that can be 
rearranged at whim by scientists. The 
creation of the first genetically modified 
monkey in 2000 brings the possibility of 
genetic manipulation closer to humans. 
There is fear that the technique will be used 
to create "designer babies." 
There seems to be little ethical concern by 
the private companies' over the use of GE 
animals to produce therapeutic drugs. 
Remarks 
Although most of these ethical concerns 
relate to non-agricultural 
biotechnology, they point to the need 
for the private sector to incorporate 
work ethics in biotechnology research 
and development. 
Source: Skerritt (2000) and Wolfenbargen and Phifer (2000). 
10.3 Weighing Risks and Benefits of Crop Biotechnology 
Biotechnology has potential to reduce input use, reduce risk to biotic and 
abiotic stress, increase yields, and enhances quality—all traits which should enable 
the development of new crop varieties that are appropriate to poor producers and 
consumers. It has the potential to help enhance agricultural productivity in developing 
countries in a way that further reduces poverty, improves food security and nutrition, 
and promotes sustainable use of natural resources. Solutions to the problems facing 
small farmers in developing countries will benefit both farmers and consumers. The 
benefits and risks need to be assessed on a case by case basis, weighing the risks and 
benefits for each particular situation. In the industrial countries, consumers can 
afford to pay more for food, increase subsidies to agriculture, and give up 
opportunities for better tasting and better-looking food. In developing countries, poor 
consumers depend heavily on agriculture for their livelihoods and spend the bulk of 
their income on food, (Andersen and Cohen 2000). Strong opposition to genetically 
improved foods in the European Union has resulted in restrictions on modern 
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agricultural biotechnology in some countries. The opposition is driven in part by 
perceived lack of consumer benefits, uncertainty about possible negative health and 
environmental effects, widespread perception that a few large corporations will be the 
primary beneficiaries, and ethical concerns. 
In industrialized countries, considerable progress has been made in methods, 
approaches, and experience in the safe management of GMOs. Overall these methods 
have proven to be effective, particularly with respect to food safety. The development 
of a transgenic soybean containing protein derived from Brazil nuts, potentially useful 
in animal feed, was abandoned when the safety assessment revealed that the protein 
was probably an allergen. In response to consumer concerns, antibiotic markers are 
now being phased out as alternatives are being developed. Despite consensus among 
national and international regulatory authorities and the scientific community that the 
markers pose no threat to human health. New challenges for risk/safety assessment, 
management, and monitoring will arise as a second generation of food, agricultural, 
and public health products emerges during this new decade. There is need for constant 
review and improvement of assessment principles and procedures, and the urgent 
need for collection and analysis of ecological data. Other areas where consensus has 
not been reached among scientists themselves, or among scientists and policymakers, 
include (i) the precautionary approach as a method of dealing with scientific 
uncertainty, and (ii) methods for traceability. The potential for the development of 
insect resistance to Bt. transgenic crops is another area where the scientific 
community, industry, and environmental NGOs have not reached consensus. Risk 
management approaches at the farm level have so far been applied mainly on large-
scale, commercial farms where monoculture is practiced. The same approaches may 
not be effective and, indeed, may not be necessary in the mixed farming systems of 
Asia. Among OECD countries the continued monitoring of GMOs after release into 
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the natural environment is also an area where opinions differ. On the one hand, it is 
argued that monitoring should be continued so that unforeseen risk can be managed 
and ecological impacts can be assessed. On the other hand, it can be argued that the 
high costs of monitoring are not justified when transgenic have already successfully 
passed the hurdles of risk identification, safety assessment, and risk management. It is 
clear that the potential risks of GMOs may vary by site and overtime. Continued 
research will be necessary to improve data collection and analysis and to modify or 
devise new risk management strategies as needed. 
10.4 Documented Economic and Environmental Benefits of Biotech Crops 
The economic impact analysis concentrates on farm income effects because 
this is a primary driver of adoption amongst farmers (both large commercial and 
small-scale subsistence) and is an area for which much analysis has been undertaken. 
The environmental impact analysis focuses on changes in the use of insecticides and 
herbicides with GM crops and the resulting environmental impact from crop 
production. Lastly, the analysis examines the contribution of GM crops towards 
reducing global greenhouse gas (GHG) emissions resulting from reduced tractor fuel 
consumption and additional soil sequestration (storage) associated with reduced or no-
tillage cuhivation facilitated by the application of GM herbicide-tolerant (HT) 
technology. 
10.4.1 Economic Benefits 
GM technology has had a very positive impact on farm income derived from a 
combination of enhanced productivity and efficiency gains, (Table 1). In 2005, the 
direct global farm income benefit from GM crops was $5 billion. If the additional 
income arising from second crop soybeans in Argentina is considered, this income 
gain rises to $5.6 billion. This is equivalent to having added between 3.6 percent and 
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4.0 percent to the value of global production of the four main crops of soybeans, 
maize, canola, and cotton, which is a substantial impact. Since 1996, farm incomes 
have increased by $24.2 billion, or $27 billion inclusive of second crop soybean gains 
in Argentina. 
Tablel: Global Farm Income Benefits From Growing GM Crops 1996-2005, 
(Million US $). 
Trait 
GM HT 
soybeans 
GM HT maize 
GM HT cotton 
GM HT canola 
GM IR maize 
GM IR cotton 
Others 
Totals 
Increase in 
farm income 
2005 
2,281 
212 
166 
195 
416 
1,732 
25 
5,027 
Increase in 
farm income 
1996-2005 
11,686 
795 
927 
893 
2,367 
7,510 
66 
24,244 
Farm income 
benefit in 2005 
as % of total 
value of 
production of 
these crops in 
GM adopting 
countries 
5.72 
0.82 
1.16 
9.45 
1.57 
12.1 
n/a 
6.0 
Farm income 
benefit in 2005 
as % of total 
value of global 
production of 
these crops 
4.86 
0.39 
0.64 
1.86 
0.77 
6,68 
n/a 
3.6 
Note. HT=herbicide-tolerant, IR=insect resistant, Others = Virus-resistant papaya and 
squash, rootworm-resistant maize. Totals for the value shares exclude 'other crops' 
(i.e., relate to the 4 main crops of soybeans, maize, canola and cotton). Farm income 
calculations are net farm income changes after inclusion of impacts on costs of 
production (e.g., payment of seed premia, impact on crop protection expenditure). 
Source: Brookes and Barfoot, 2006. 
The largest gains in farm income have arisen in the soybean sector, largely 
from cost savings, where the $2.84 billion additional income generated by GM HT 
soybeans in 2005 has been equivalent to adding 7.1 percent to the value of the crop in 
the GM growing countries, or adding the equivalent of 6.05 percent to the $47 
billion value of the global soybean crop in 2005. Substantial gains have also arisen 
in the cotton sector through a combination of higher yields and lower costs. In 2005, 
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cotton farm income levels in the GM adopting countries increased by $1.9 billion and 
since 1996, the sector has benefited fi-om an additional $8.44 billion. Significant 
increases to farm incomes have also resulted in the maize and canola sectors. The 
combination of GM IR and GM HT technology in maize has boosted farm incomes by 
more than $3.1 billion since 1996. In the North American canola sector, an additional 
$893 million has been generated. 
Table 2 summarizes farm income impacts in key GM adopting countries. This 
highlights the important farm income benefit arising from GM HT soybeans in 
Argentina, GM IR cotton in China, and a range of GM cultivars in the US. It also 
illustrates the growing level of farm income benefits being obtained in developing 
countries such as South Africa, Paraguay, India, the Philippines, and Mexico. 
Table 2: GM crop farm income benefits 1996-2005 selected countries (million US $). 
Country 
US 
Argentina 
Brazil 
Paraguay 
Canada 
South 
Africa 
China 
India 
Australia 
Mexico 
Philippines 
Spain 
GMHT 
soybeans 
7,570 
5,197 
1,367 
132 
69 
2.2 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
GM 
HT 
maize 
771 
0.2 
n/a 
n/a 
24 
0.3 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
GM 
HT 
cotton 
919 
4.0 
n/a 
n/a 
n/a 
0.2 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
GM 
HT 
canola 
101 
n/a 
n/a 
n/a 
792 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
GMIR 
maize 
1,957 
159 
n/a 
n/a 
145 
59 
n/a 
n/a 
n/a 
n/a 
8 
28 
GMIR 
cotton 
1,627 
29 
n/a 
n/a 
n/a 
14 
5,168 
463 
150 
55 
n/a 
n/a 
Total 
12,945 
5,389.2 
1,367 
132 
1,031 
75.7 
5,168 
463 
154.1 
55 
8 
28 
Note. Argentine GM HT soybeans include second crop soybeans benefits. 
N/a = not applicable 
Source: Brookes and Barfoot, 2006. 
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In terms of the division of the economic benefits obtained by farmers in 
developing countries relative to farmers in developed countries, Table 3 shows that in 
2005, the majority of the farm income benefits (55 percent) have been earned by 
developing country farmers. The vast majority of these income gains for developing 
country farmers have been from GM IR cotton and GM HT soybeans. 
Table 3: GM Crop Farm Income Benefits 2005: Developing Versus Developed 
Countries (Million US $). 
Crop 
GM HT soybeans 
GM IR maize 
GM HT maize 
GM IR cotton 
GM HT cotton 
GM HT canola 
GM VR papaya 
and squash 
Developed 
1,183 
364 
212 
354 
163 
195 
25 
Developing 
1,658 
53 
0.3 
1,378 
3 
0 
0 
% Developed 
41.6 
86.5 
99.9 
20.4 
98.4 
100 
100 
% Developing 
58.4 
13.5 
0.1 
79.6 
1.6 
0 
0 
Total 2,496 3,092 45 55 
Note. Developing countries include all countries in South America. 
Source: Brookes and Barfoot, 2006. 
Examination of the cost farmers pay for accessing GM technology relative to 
the total gains derived shows that across the four main GM crops, the total cost was 
equal to about 26 percent of the total farm income gains, (Table 4). For farmers in 
developing countries the total cost is equal to roughly 13 percent of total farm income 
gains, while for farmers in developed countries the cost is about 38 percent of the total 
farm income gain. While circumstances vary between countries, the higher share of 
total gains derived by farmers in developing countries relative to farmers in developed 
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countries reflects factors such as weaker provision and enforcement of intellectual 
property rights. 
Table 4: Cost of Accessing GM Technology (in % Terms) Relative to the Total 
Farm Income Benefits, 2005. 
Crop 
GM HT soybeans 
GM IR maize 
GM HT maize 
GM IR cotton 
GM HT cotton 
GM HT canola 
Total 
All farmers 
21 
44 
38 
21 
44 
47 
26 
Developed 
countries 
32 
43 
38 
41 
43 
47 
38 
Developing 
countries 
10 
48 
81 
13 
65 
n/a 
13 
Note. N/a = not applicable. Cost of accessing the technology is based on the seed 
premia paid by farmers for using GM technology relative to its conventional 
equivalent. 
Source: Brookes and Barfoot, 2006. 
In addition to these quantifiable direct impacts on farm profitability, there 
have been other important, indirect impacts that are more difficult to quantify (e.g., 
facilitation of adoption of reduced- or no-tillage systems, reduced production risk, 
convenience, reduced exposure of farmers and farm workers to pesticides, and 
improved crop quality). 
10.4.2 Environmental Benefits 
What Are The Environmental Benefits Of GM Crops? 
One of the significant environmental benefits of GM crops is the dramatic 
reduction in pesticide use, with the size of the reduction varying between crops and 
introduced trait. In 2000, total global reduction in pesticide use was estimated at 22.3 
million kg of formulated product as a result of using herbicide tolerant GM soybean, 
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seed rape, cotton and corn varieties and insect protected GM cotton; the deployment 
of insect-resistant Bt. varieties was estimated to have reduced the total world use of 
insecticides by 14 percent. In the USA, adoption of GM crops resulted in pesticide use 
reduction of 45.6 million pounds in 2001, (Gianessi et al. 2002). The technology has 
reduced pesticide spraying by 224 million kg (equivalent to about 40 percent of the 
annual volume of pesticide active ingredient applied to arable crops in the European 
Union) and as a result, decreased the environmental impact associated with pesticide 
use by more than 15 percent. GM technology has also significantly reduced the 
release of greenhouse gas emissions from agriculture, which, in 2005, was equivalent 
to removing 4 million cars from the roads, (Brookes and Barfoot, 2006). 
To provide a more robust measurement of the environmental impact of GM 
crops, the analysis presented below includes both an assessment of pesticide active 
ingredient use, as well as an assessment of the specific pesticides used via an indicator 
known as the Environmental Impact Quotient (EIQ). This universal indicator, 
developed by Kovach, Petzoldt, Degni, and Tette (1992) and updated annually, 
effectively integrates the various environmental impacts of individual pesticides into a 
single Tield value per hectare.' This provides a more balanced assessment of the 
impact of GM crops on the environment as it draws on all of the key toxicity and 
environmental exposure data related to individual products (as applicable to impacts 
on farm workers, consumers, and ecology) and provides a consistent and 
comprehensive measure of environmental impact. EIQ is an indicator only and 
therefore does not take into account all environmental issues and impacts. The EIQ 
value is multiplied by the amount of pesticide active ingredient (ai) used per hectare 
to produce a field EIQ value. 
252 
GM crops have contributed to a significant reduction in the global 
environmental impact of production agriculture, (Table 5). Since 1996, the use of 
pesticides was reduced by 224 million kg of active ingredient (a 6.9 percent 
reduction) and the overall environmental impact associated with pesticide use on 
these crops was reduced by 15.3 percent. In absolute terms, the largest environmental 
gain has been associated with the adoption of GM HT soybeans and reflects the large 
share of global soybean plantings accounted for by GM soybeans. The volume of 
herbicide use in GM soybeans decreased by 51 million kg since 1996 (a 4.1 percent 
reduction) and the overall environmental impact decreased by 20 percent. It should be 
noted that in some countries, such as in South America, the adoption of GM HT 
soybeans has coincided with increases in the volurne of herbicides used relative to 
historic levels. This largely reflects the facilitating role of the GM HT technology in 
accelerating and maintaining the switch away from conventional tillage to no- or low-
tillage production systems with their inherent environmental benefits. This net 
increase in the volume of herbicides used should, therefore, be placed in the context 
of the reduced GHG emissions arising from this production system change and the 
general dynamics of agricultural production system changes. 
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Table 5. Impact of Changes in the Use of Herbicides and Insecticides from 
Growing GM Crops Globally, 1996-2005. 
Trait 
GMHT 
soybeans 
GM HT maize 
GM HT cotton 
GM HT canola 
GM HT maize 
GM IR cotton 
Totals 
Change in 
volume of 
active 
ingredient 
used (million 
kg) 
-51.4 
-36.5 
-28.6 
-6.3 
-7.0 
-94.5 
-224.3 
Change in 
field EIQ 
impact (in 
terms of 
million field 
EIQ/ha units) 
-4,865 
-845 
-1,166 
-310 
-403 
-4,670 
-12,259 
% change in 
ai* use in GM 
growing 
countries 
-4.1 
-3.4 
-15.1 
-11.1 
-4.1 
-19.4 
-6.9 
% change in 
environmental 
impact in GM 
growing 
countries 
-22.0 
-4.0 
-22.7 
-22.6 
-4.6 
-24.3 
-15.3 
Source: Brookes and Barfoot, 2006. 
*ai. active ingredient 
Major environmental gains have also been derived from the adoption of GM 
IR cotton. These gains were the largest of any crop on a per-hectare basis. Since 1996, 
farmers have used 95.5 million kg less insecticide in GM IR cotton crops (a 19.4 
percent reduction), and reduced the environmental impact by 24.3 percent. Important 
environmental gains have also arisbn in the maize and canola sectors. In the maize 
sector, pesticide use decreased by 43 million kg and the environmental impact 
decreased due to a combination of reduced insecticide use (4.6 percent) and a switch 
to more environmentally-benign herbicides (4 percent). In the canola sector, farmers 
reduced herbicide use by 6.3 million kg (an 11 percent reduction) and the 
environmental impact has fallen by 23 percent because of a switch to more 
environmentally-benign herbicides. The impact of changes in insecticide and 
herbicide use at the country level for the main GM adopting countries is summarized 
in Table 6. 
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Table 6: Reduction in 'environmental impact' from changes in pesticide use 
associated with GM crop adoption by country, 1996-2005, in selected 
countries (% reduction in field EIQ values). 
Country 
US 
Argentina 
Brazil 
Paraguay 
Canada 
Southi 
Africa 
China 
India 
Australia 
Mexico 
Spain 
GMHT 
soybeans 
29 
21 
6 
13 
9 
7 
n/a 
n/a 
n/a 
n/a 
n/a 
GMHT 
maize 
4 
NDA 
n/a 
n/a 
5 
0.44 
n/a 
n/a 
n/a 
n/a 
n/a 
GMHT 
cotton 
24 
NDA 
n/a 
n/a 
n/a 
6 
n/a 
n/a 
4 
n/a 
n/a 
GMHT 
canola 
38 
n/a 
n/a 
n/a 
22 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
GMIR 
maize 
5 
0 
n/a 
n/a 
NDA 
2 
n/a 
n/a 
n/a 
n/a 
30 
GMIR 
cotton 
23 
4 
n/a 
n/a 
n/a 
NDA 
28 
3 
22 
NDA 
n/a 
Note. N/a = not applicable. NDA = No data available. 
Zero impact for GM IR maize in Argentina is due to the negligible (historic) use of 
insecticides on the Argentine maize crop. 
Source: Brookes and Barfoot, 2006. 
Table 7 shows that in 2005 the majority of the environmental benefits 
associated with lower insecticide and herbicide use have been for developing country 
farmers. The vast majority of these environmental gains have been from the use of 
GM IR cotton and GM HT soybeans. 
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Table 7: GM crop environmental beneflts from lower insecticide and herbicide 
use, 2005: Developing versus developed countries. 
Crop % of total reduction in 
environmental impact: 
Developed countries 
% of total reduction in 
environmental impact: 
Developing countries 
GM HT soybeans 
GM IR maize 
GM HT maize 
GM IR cotton 
GM HT cotton 
GMHTcanola 
Total 
53 
92 
99 
15 
99 
100 
46 
47 
8 
1 
85 
1 
0 
54 
Source: Brookes and Barfoot, 2006. 
Benefits on Greenhouse Gas (GHG) Emissions 
In addition to the reduction in the number of herbicide applications, there has 
been a shift from conventional tillage to reduced-or no-till. This has had a marked 
effect on tractor fuel consumption due to energy-intensive cultivation methods being 
replaced with no- or reduced-tillage and herbicide-based weed control systems. The 
adoption of no-tillage farming systems is estimated to reduce cultivation fuel usage by 
32.52 liters/ha compared with traditional conventional tillage and 14.7 liters/ha 
compared with the average of reduced-tillage cultivation. In turn, this results in 
reductions of carbon dioxide emissions of 89.44 kg/ha and 40.43 kg/ha, respectively. 
The use of no-till and reduced-till farming systems that utilize less plowing increase 
the amount of organic carbon (in the form of crop residue) that is stored or 
sequestered in the soil. 
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Table 8: Impact of GM crops on carbon sequestration impact in 2005 (car 
equivalents). 
Crop/trait/country 
US: GM 
soybeans 
HT 
Argentina: GM HT 
soybeans 
Other countries: 
GM HT soybeans 
Canada: GM 
canola 
Global GM 
cotton 
Total 
HT 
IR 
Permanent 
carbon 
dioxide 
savings 
arising from 
reduced fuel 
use (million 
kg of carbon 
dioxide). 
176 
546 
55 
117 
68 
962 
Average 
family car 
equivalents 
removed 
from the 
road for a 
year from 
the 
permanent 
fuel savings 
78,222 
242,667 
24,444 
52,000 
30,222 
427,556 
Potential 
additional soil 
carbon 
sequestration 
savings 
(million kg of 
carbon 
dioxide) 
2,195 
4,340 
435 
1,083 
0 
8,053 
Average 
family car 
equivalents 
removed 
from the road 
for a year 
from the 
potential 
additional soil 
carbon 
sequestration 
975,556 
1,928,889 
193,333 
481,520 
0 
3,579,298 
Note. Data assumes that an average family car produces 150 grams of carbon dioxide 
of km. A car does an average of 15,000 km/year and therefore produces 2,250 kg of 
carbon dioxide/year. 
Source: Brookes and Barfoot, 2006. 
The additional soil carbon sequestration gains resulting from reduced tillage 
with GM crops accounted for a reduction in 8.05 billion kg of carbon dioxide 
emissions in 2005. In total, the carbon savings from reduced fuel use and soil carbon 
sequestration in 2005 were equal to removing 4 million cars from the road (equal to 
17 percent of all registered cars in the UK). 
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The above analysis shows that there have been substantial economic benefits at the 
farm level, amounting to a cumulative total of $27 billion. The majority of this has 
been derived by farmers in developing countries. GM technology has also resulted in 
224 million kg less pesticide use by growers and a 15.3 percent reduction in the 
environmental impact associated with pesticide use. GM crops have also made a 
significant contribution to facilitating a reduction in greenhouse gas emissions of 9 
billion kg in 2005, equivalent to removing 4 million cars from the roads for a year. 
The impacts identified are, however, probably conservative, reflecting the limitations 
of the methodologies used to estimate each of the three main categories of impact and 
the limited availability of relevant data. As such, subsequent research might usefully 
extend the analysis to incorporate more sophisticated consideration of dynamic 
economic impacts and some of the less tangible economic impacts (e.g., on labor 
savings). Further analysis of the environmental impact might also usefully include 
additional environmental indicators, such as impact on soil erosion. 
10,5 Classifying Policies towards GM Crops in Developing Countries 
The role of government in diffusion of GM crops falls into five distinct areas 
including Intellectual Property Rights, Trade, Food Safety, Biosafety, and Public 
Research Investment. The inclination of developing countries to promote or block the 
spread of GM crops can be judged by the policy choices they make, (Paarlberg, 
2000). From among the gradients between promotion and prevention, four overall 
policy postures emerge. Policies that accelerate the spread of GM crop and food 
technologies within the borders of a nation can be termed "promotional." Policies that 
are neutral toward the new technology, intending neither to speed nor to slow its 
spread, will herein be called "permissive." Policies intended to slow the spread of GM 
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crops and foods for various reasons will be called "precautionary." Finally, policies 
that tend to block or ban entirely the spread of this new technology will be called 
"preventive." Governments can choose to be promotional, permissive, precautionary, 
or preventive toward GM crops in several distinct policy venues. 
10.5.1 Intellectual Property Rights Policy 
The usual rationale for introducing exclusive intellectual property rights in 
specific fields of technology is that an individual or legal entity that devotes 
significant resources to the development of new technologies should be rewarded with 
a temporary exclusivity. This is linked to the idea that certain forms of knowledge can 
easily be copied. In such cases, individuals who have not contributed to the 
development of an invention would be in a position to benefit from the fruits of the 
invention if no exclusive right was offered to the inventor, (Gullet, 2003a) 
During the Green Revolution of the 1960s and 1970s, governments in the 
developing world did not feel compelled to provide private companies or private plant 
breeders with exclusive intellectual property rights to the sale or use of new crop 
technologies. The new high yielding crop varieties then being offered to developing 
country farmers had been developed by breeders working for philanthropic or public 
research institutions. The new seeds were not developed and sold by private 
companies instead they were given away through international assistance programs, 
distributed by non profit NGOs, or sold at subsidized prices by government 
corporations. So far in the GM crop revolution, it is private companies that have taken 
the lead. When public funding for international agricultural research faltered in the 
1980s, the initiative in developing most new GM crops fell to private seed and 
biotechnology companies, (James 2000; Enriquez and Goldberg, 2000). These 
companies do not normally behave like public sector extension services. 
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Given the lead role of the private sector, developing countries wishing to 
promote GM crops might consider, at one extreme, a policy of offering the same 
generous IPR protections currently provided under U.S. patent and trademark laws. A 
slightly less promotional option would be to extend to companies and GM crop 
developers the some what weaker IPR protection provided under the International 
Union for the Protection of New Varieties of Plants (UPOV). The UPOV Convention 
was first signed in 1961 to provide a form of legal protection of plant varieties for 
western European countries and has been revised several times since 1961 - in 1972, 
1978 and 1991, (Gullet, 2003b). This "plant breeders rights" approach is favored over 
patent protection by most governments in Europe. UPOV strikes an important balance 
between the rights of plant breeders to capture commercial benefits from innovation 
and the rights of those same breeders to use protected genetic resources as an initial 
source of variation in the breeding process. 
The most recent (1991) version of UPOV is the strongest, and nations 
following this approach will be considered here to have a permissive IPR policy 
toward GM crops. UPOV 1991 gives breeders IPR protection for 20-25 years, and 
prior authorization from the holder of these rights is necessary for any production, 
commercial marketing, offering in sale, or marketing of propagating material of the 
protected variety. The breeder earns royalty payments for the protected variety, and 
any one infringing on those rights may be prosecuted. At the same time, breeders 
themselves may use protected varieties as an initial source of variation for the creation 
of new varieties and then market those new varieties without authorization from the 
original breeder, (Dutfield 1999). UPOV 1991 permits member states to protect plant 
varieties with patents as well as plant breeders' rights (PBR), and the United States 
follows this "double protection" option, but most European countries expressly forbid 
patenting of plant varieties and operate under UPOV only. 
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A weaker but coexisting version of the UPOV Convention dating back to 1978 
will be classified here as a precautionary IPR policy toward GM crops. Under UPOV 
1978, the balance was tilted less toward incentives to innovate or invest in new 
technologies and more toward options for poor farmers to use technologies that 
already existed. UPOV 1978 implicitly protected the privilege of farmers to use 
protected plant varieties for propagation purposes on their own holdings, the so called 
"farmers' privilege." This relatively weak UPOV 1978 standard is nonetheless 
sufficient to meet the minimum PBRs required under the trade-related intellectual 
property rights (TRIPS) agreement of the World Trade Organization (WTO), an 
international agreement that became binding for many developing countries beginning 
in January 2000. 
At a preventive extreme, developing country governments might decide to 
offer no IPR guarantees at all to private companies or commercial breeders for newly 
created varieties of plants or animals. Blocking the spread of GM crop technologies 
would not have to be the primary motive for taking this preventive IPR policy 
approach, but the preventive result could be the same. 
10.5.2 Biosafety Policy 
A second policy venue in which developing country governments must make 
choices regarding GM crops is the area of biological safety, or biosafety. A number of 
known hazards to the biological environment must be considered whenever a new 
plant variety (GM or otherwise) is introduced into a farming ecosystem. 
Environmental advocates have worried that the risks of such biosafety hazards from 
novel GM crops might be greater than from conventional crops. When choosing a 
biosafety policy toward GM crops, developing countries can again be promotional, 
permissive, precautionary, or preventive. 
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Governments wishing to be fully promotional might either impose no 
biosafety screening at all for new GM crops or give routine approval to any new crop 
approved elsewhere. 
A permissive approach would be to test GM crops on a case- by-case basis for 
the same known biosafety risks that have long been associated with conventional 
crops. Under this approach GM crops would not be singled out because of their novel 
transgenic nature as inherently more dangerous, they would be screened for biosafety 
risks in the same manner that non - GM crops have long been screened for such risks. 
Most of the industrial nations beyond the United States, and many developing 
countries as well, are more inclined to view GM crops as sufficiently novel to require 
separate and more cautious biosafety consideration. This precautionary approach 
singles out GM crops for tighter biosafety regulation simply because of their novelty 
and the scientific uncertainties that are always associated with novelty. Under this 
approach, governments would slow down or hold back on the field testing or 
commercial release of GM crops not just to avoid biosafety risks that are known and 
have been demonstrated, but also to avoid some risks that may not yet be known or 
are still undemonstrated. At an even more cautious extreme, a fully preventive 
approach to the biosafety of GM crops might be adopted. Under this approach, new 
GM crop varieties would not be screened for risks case by case, instead the presence 
of risk would be assumed without testing because of the novelty of the GM process 
alone, and permission to release GM crops into the environment would be denied. 
10.5.3 Trade Policy 
In the area of trade policy, the gradient from promotion to prevention is more 
difficult to describe because consumer and importer acceptance of GM crops in 
international commodity markets is uncertain and evolving. 
262 
A promotional trade policy toward GM crops is one that (1) promotes planting 
of GM crops in hopes of reducing farm production costs, thus increasing price 
competitiveness, and (2) permits GM commodities, seeds, and plant materials to come 
into the country with little or no restraint. A permissive trade policy would neither 
promote nor prevent the planting of GM crops internally and might regulate imports, 
but in a way that draws no invidious distinction between GM and non- GM imports. A 
permissive policy would follow the WTO's science-based standards for sanitary and 
phytosanitary (SPS) trade restrictions, (Roberts 1998). A precautionary trade policy 
toward GM crops would impose a separate and more restrictive set of regulations on 
transboundary movements of GM plant materials and seeds. Such special regulations 
might take the form of additional testing or information sharing requirements and 
procedures, labeling requirements, or prior notification requirements. One framework 
for this precautionary approach is the advance informed assent (AIA) agreement 
incorporated into the Cartagena Protocol on Biosafety, negotiated in January 2000 
within the Convention on Biological Diversity, (CBD, 1992 & 2000). Imposing an 
outright ban or an open ended moratorium on imports of GM crops or material would 
be a more direct way of embracing a preventive policy approach. One emerging trade 
policy motive for a preventive approach toward GM crops has been the recent 
international consumer backlash against GM. If this backlash continues to strengthen, 
banning GM crops at home could be one way for developing countries to strengthen 
their attractiveness as a source of bulk commodities in the eyes of industrial country 
importers in Europe or Japan. 
10.5.4 Food Safety and Consumer Choice Policy 
Issues of food safety and informed consumer choice tend to dominate the 
public debate over GM crops in the industrial world while remaining less salient in 
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most developing countries. At a promotional extreme, these governments might be 
reassured by the evidence developed so far through testing and actual consumption in 
the developed world and conclude that the food safety risks posed by the GM crops 
already on the market in rich countries are no greater than the risks posed by the non-
GM equivalents of those crops, (Nuffield Council on Bioethics 1999). Following a 
slightly more heedful approach, governments might conclude that even if new risks 
specific to GM foods have not yet been demonstrated by scientists, consumers still 
have some right to know when they are consuming GM foods. Following this 
approach (classified here as permissive) governments might require food companies 
to designate foods as "GM" if more than a specified percentage of the content came 
from GM crops. 
Under a still more precautionary approach, governments would require 
labeling for all GM foods, including fresh and processed foods. The only way to 
enforce such a requirement would be to require to tally segregated or "identity 
preserved" marketing channels for GM versus non-GM foods, all the way from the 
farmer's field to the consumer's plate. That would be a costly option for any nation 
growing, importing, or exporting GM foods, as it would require an expensive 
duplication of equipment and facilities in the food transport, storage, and processing 
sectors, (USDA, 2000). 
A preventive approach in this area would ban all internal sales of GM foods. 
This approach might be taken as an ultra precautionary step to protect domestic 
consumers against hypothetical or unknown risks. For countries not yet growing GM 
crops, a total ban might even have the attraction of being cheaper than the 
precaufionary "fully informed choice" approach because it would avoid the need to 
segregate markets and duplicate food handling infrastructures. 
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10.5.5 Public Research Investment Policy 
Public investments in agricultural research have helped developing countries 
generate high rates of economic return from higher farm productivity growth. How to 
allocate these research investments across different crops or farming systems has 
always been a difficult policy problem for national agricultural research institutes, 
given the persistent scarcity of funds available for any kind of research activity in the 
developing world. 
At a promotional extreme, governments might invest their own treasury funds 
in the actual development of their own GM crops. One motive might be to steer GM 
technology development toward the crops most critical to low resource farm 
communities that tend to be "orphaned" by researchers in the profit making private 
sector. A slightly less promotional approach would not invest in the development of 
new GM crops but only in the transfer ("back crossing") of already developed GM 
crop traits into local crop varieties. A more precautionary approach toward public 
sector research would allow back crossing of GM traits into local cultivars but would 
not spend any significant national treasury resources for that purpose. A preventive 
approach would make no investments at all of either treasury funds or donor funds in 
any transgenic technology development or adaptation work. 
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Table 9: Policy Options toward GM Crops. 
Intellectual 
property 
rights 
Biosafety 
Trade 
Food safety 
and 
consumer 
choice 
Public 
research 
investment 
Promotional 
Full patent 
protection, plus 
plant breeders' 
rights under 
UPOV1991. 
No careful 
screening, only 
token screening 
or approval 
based on 
approval in 
other countries. 
GM crops 
promoted to 
lower 
commodity 
production costs 
and boost 
exports; no 
restriction on 
imports of GM 
seeds of plant 
materials. 
No regulatory 
distinction 
drawn between 
GM and non-
GM foods when 
testing or 
labeling for 
food safety. 
Treasury 
resources spent 
on both 
development 
and local 
adaptations of 
GM crop 
technologies. 
Permissive 
PBRs under 
UPOV 1991. 
Case by case 
screening for 
demonstrated 
risk, depending 
on intended use 
of product. 
GM crops neither 
promoted nor 
prevented; 
imports of GM 
commodities 
limited in same 
way as non GM 
in accordance 
with science 
based WTO 
standards. 
Distinction made 
between GM and 
non GM foods on 
some existing 
food labels but 
not so as to 
require 
segregation of 
market channels. 
Treasury 
resources spent 
on local 
adaptations of 
GM crop 
technologies but 
not on 
development of 
new transgenes. 
Precautionary 
PBRs under 
UPOv 1978, 
which preserves 
farmers privilege. 
Case by case 
screening also for 
scientific 
uncertainties 
owing to novelty 
of GM process. 
Imports of GM 
seeds and 
materials 
screened or 
retrained 
separately and 
more tightly than 
non-GM; labeling 
requirements 
imposed on 
imports GM foods 
or commodities. 
Comprehensive 
positive labeling 
ofallGM foods 
required and 
enforced 
segregated market 
channels. 
No significant 
treasury resources 
spent on GM crop 
research or 
adaptation; 
donors allowed to 
finance local 
adaptations of 
GM crops. 
Preventive 
No IPRs for 
plants or 
animals, or IPR 
on paper that 
are not 
enforced. 
No careful case 
by case 
screening, risk 
assumed 
because of GM 
process. 
GM seeds plant 
imports 
blocked; GM 
free status 
maintained in 
hopes of 
capturing export 
market 
premiums. 
GM food sales 
banned, or 
warning labels 
that stigmatize 
GM foods as 
unsafe to 
consumers 
required. 
Neither treasury 
nor donor funds 
spent on any 
adoption or 
development of 
GM crop 
technology. 
Source: Paarlberg, 2000. 
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10.6 Policies towards GM Crops in India 
10.6.1 Intellectual Property Rights 
India has traditionally relied on its own public sector scientists and 
government extension agents rather than domestic or international private companies 
to develop and extend productive new agricultural technologies. While taking this 
approach India has felt little need to offer IPR guarantees to private companies or 
plant breeders in the area of crop development. By 1991, however, India's agricultural 
research establishment concluded it was necessary and prudent to move the nation's 
IPR policies closer to international standards, (Selvarajan, Joshi, and O'Toole 1999). 
Accordingly, a draft plant variety protection act (PVPA) was submitted to Parliament 
in 1993. The draft act was modeled largely after UPOV 1978 to protect both plant 
breeders' rights and farmers' privileges. This decision to move toward a minimal 
plant variety protection law triggered a surprisingly emotional debate in India's 
Parliament. The first draft of the PVPA was criticized by the private seed industry as 
too weak, yet at the same time NGOs claiming to represent farmers' groups warned it 
was too strong and would allow professional plant breeders and private companies to 
appropriate some of the crop improvements that traditional farmers had been making 
for thousands of years. A revised draft was produced in 1996/97 to address this 
"farmers' rights" issue. India's cabinet then approved the revised draft in October 
1997, but that could not be passed in the parliament. A revised December 1999 
version of the PVPA is currently working its way slowly through Parliament, 
(Government of India, 1999). 
10.6.2 Biosafety 
In the area of biosafety, however, GM crops themselves were always the issue. 
GM crops are regulated under the Indian Environment Protection Act, 1986. The 
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Indian government began issuing biosafety guidelines for handling GM organisms in 
December 1989, (DBT 1990, 1998). These guide lines were borrowed partly from the 
United States, and at the research stage they required screening of GM crop 
technologies only for risks that could be scientifically demonstrated, (Ghosh 1997, 
1999; Ghosh and Ramanaiah 2000). Beyond the research phase, however, India's 
biosafety procedures implied more caution. The guidelines created two separate 
committees with policy authority a Review Committee on Genetic Manipulation 
(RCGM) empowered to approve (or not to approve) applications for all smallscale 
research activities on GM crops in India, and a Genetic Engineering Approval 
Committee (GEAC) empowered to approve (or not) large- scale research activities as 
well as actual industrial use or environmental release. 
10,6.3 Trade Policy 
Since GM crops are politically controversial in India, the government is under 
pressure from NGOs to impose a GM-free trade policy requirement on the nation's 
commodity imports and exports. So long as no GM crops (food crop) are being 
planted within India on biosafety grounds, such an official GM-free trade policy can 
be relatively easy for the government to embrace and implement. The main products 
of cotton are not used for food and thus are not subject to food safety approval, 
traceability, and labeling regulations or GM-free private standards in major importing 
countries. In particular, neither Japan nor the EU directly regulates textile products 
derived from GM cotton, (Gruere et al 2007). India's policy aversion to international 
food trade of all kinds is reflected in the fact that the nation has recently accounted for 
roughly 10 percent of total world agricultural production, but less than 1 percent of 
world commodity trade, (Sharma 2000). With continued income growth in India, 
demand for imported grains is likely to grow, yet actual imports will continue to be 
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slowed by significant trade barriers at the border, (APBN 2000). A policy of standing 
aloof from international GM commodity trade is also relatively easy to embrace in 
India because the nation has, for decades, tended to stand somewhat aloof from all 
international food commodity trade in its official pursuit of "national food self-
sufficiency." Ever since India's bad experience with excessive dependence on 
international food aid in the 1960s, political leaders has sought to avoid not only 
renewed concessional dependence on world markets, but commercial dependence as 
well. Given these larger aversions in India to free international food commodity 
trade, and given the absence so far of any GM crop production within India itself, 
imposing an effective ban on the import and export of GM commodities has been easy 
enough for the Indian government to manage. India can thus be classified as 
embracing a trade policy toward GM crops which is fully "preventive" by the 
definition in use here: a de facto blockage on GM commodity imports, coupled with 
occasional efforts to use the nation's GM free status to seek premiums in export 
markets. 
10.6.4 Food Safety and Consumer Choice Policy 
Because India does not yet officially grow or import any GM foods, it has 
been able to get along with food safety policies that draw little or no distinction 
between GM and non- GM food ingredients. India's 1954 Prevention of Food 
Adulteration Act pre dates the GM crop revolution and does not mention transgenics. 
In 1998, however, India revised its GM crop biosafety approval guide lines to re quire 
that GM seeds, plants, and plant parts be screened for toxicity and allergenicity, (DOT 
1998). This new RCGM procedure singling out GM gives India a permissive rather 
than a fully promotional safety policy to ward GM foods. 
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10.6.5 Public Research Investment Policy 
The Government of India, principally through its Department of 
Biotechnology (DBT), has for more than a decade directed a small but steady stream 
of treasury resources toward the development as well as the local adaptation of GM 
crop varieties. Between 1989 and 1997, DBT spent a total of nearly 270 million 
rupees from the treasury (roughly US$6 million) on plant and molecular biology 
research with projects focused primarily on development of transgenic plants, (Ghosh, 
1999). Because these investments have gone for development as well as local 
adaptation, India's public research investment policies toward GM crops deserve to be 
classified here as promotional. DBT must secure its budget every year from the 
Planning Commission and the Ministry of Finance, and the resources it receives are 
quite modest, despite the fact that senior political leaders frequently list biotechnology 
as among the keys to India's future economic growth and prosperity. 
Table 10: Policies toward GM Crops in India 
Intellectual 
property 
rights 
Bio-safety 
Trade 
Promotional Permissive Precautionary 
RCGM and 
GEAC have 
moved slowly 
on bio-safety 
approvals, 
fearing 
Criticism from 
anti-GM-
NGOs. 
Preventive 
Until India enacts 
its draft plant 
variety protection 
law and joins 
UPOV, IPRs not 
protected. 
GEAC has not 
formally approved 
GM commodity 
imports; efforts 
have been made to 
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Food safety 
and 
consumer 
Choice 
Public 
research 
Investment 
Modest 
treasury funds 
are spent on 
independent 
GM crop 
development 
RCGM and 
GEAC require 
some testing 
of GM and 
non-GM 
foods; no 
separate GM 
food Labeling 
is required 
since GM 
foods are not 
officially on 
the market. 
seek premiums for 
GM free products 
in export markets. 
Source: Paarlberg, 2000. 
Agricultural problems are multidisciplinary in their nature and biotechnology 
in isolation is unlikely to solve them. Each country should decide how much of the 
technology should be developed nationally and how much imported and adapted. A 
good mix of the two can be synergistic, and reduce both the time and cost of 
developing products for the market. Countries need to develop knowledge appropriate 
to their own situations and to decide if they need to use biotechnological approaches. 
Biotechnology expertise should complement existing technologies and be output-
driven. Much biotechnology is more expensive than conventional research, so it 
should be used only to solve specific problems where it has comparative advantage. 
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India's people are far better fed on an average than in the past, but 212 million 
people are still food insecure every year in India, around 43 percent of under five 
children are underweight and about 2067(000) children still die every year in India, 
(FAO, 2006a and UNICEF 2008). A leading cause of malnutrition in India is 
poverty, and in rural areas a leading cause of poverty is low productivity in 
agriculture. With yields on irrigated land now plateauing, India has little choice but to 
seek new technical solutions for its low- production farmers in dry rainfed areas. 
Modern science offers humankind a powerful instrument to assure food 
security for all. Through enhanced knowledge and better technologies for food and 
agriculture, science has contributed to astonishing advances in feeding the world in 
recent decades. If India has to produce enough food to meet increasing and changing 
food needs, to make more efficient use of land already under cultivation, to better 
manage our natural resources, and to improve the capacity of hungry people to grow 
or purchase needed food, India must put all the tools of modern science to work. 
Modern agricultural biotechnology is one of the most promising developments in 
modern science. Used in collaboration with traditional or conventional breeding 
methods, it can raise crop productivity, increase resistance to pests and diseases, 
develop tolerance to adverse weather conditions, improve the nutritional value of 
some foods, and enhance the durability of products during harvesting or shipping. 
With reasonable biosafety regulations, this can be done with little or no risk to human 
health and the environment. Yet little modern agricultural biotechnology research is 
taking place in or for developing countries and also in India. Most such research is 
occurring in private firms in industrialized countries, focuses on the plants and 
animals produced in temperate climates, and aims to meet the needs of farmers and 
consumers in industrialized countries. It is essential that agricultural biotechnology 
research be relevant to the needs of farmers in developing countries and to conditions 
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in those countries, and that the benefits of that research are transmitted to small-scale 
farmers and consumers in those countries at affordable prices. Otherwise, developing 
countries will not only fail to share in the benefits of agricultural biotechnology, but 
will be seriously hurt as industrialized countries improve their agricultural 
productivity. The attitude toward risk among the non-poor in both industrialized and 
developing countries is a constraint to the use of agricultural biotechnology in and for 
developing countries. Among people whose children are not starving, considerable 
resistance to agricultural biotechnology has arisen on the grounds that it poses 
significant new ecological risks and that it has unacceptable social and economic 
consequences. Although no ecological calamities have occurred, some people fear 
that transgenic crops will develop troublesome new weeds or threaten crop genetic 
diversity. Of course, any new products that pose such risks should be carefully 
evaluated before they are released for commercial development. But we should not 
forget that by raising productivity in food production, agricultural biotechnology will 
reduce the need to cultivate new lands and could therefore actually help conserve 
biodiversity and protect fragile ecosystems. India should be encouraged to adopt 
regulations that provide a reasonable measure of biosafety without crippling the 
transfer of new products into the field. Public pressure in Western Europe is likely to 
move governments to introduce legislation that will constrain or prohibit full use of 
the opportunities offered by genetic engineering and other tools of modern science for 
food production and processing. There is a trend in several countries toward seeing 
the application of science to agriculture as part of the problem rather than part of the 
solution. Combined with this view is a failure to appreciate the need for productivity 
increases in food production. While the application of modern science, including 
genetic engineering and other biotechnology research, to solving human health 
problems is applauded and encouraged, there is an increasing suspicion that the 
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application of such scientific methods to food production and processing will 
compromise agricultural production systems, food safety, and the health of current 
and future generations. In fact, modern science methods, including molecular biology-
based methods, offer tremendous opportunities for expanding food production, 
reducing risks in food production, improving environmental protection, and 
strengthening food marketing in developing countries and also in India. Should 
legislation constraining modern agricultural science spread within the developed 
countries, the consequences for long-term food supplies in developing countries could 
be severe, partly because of reduced exports by developed countries and partly 
because similar policies might be adopted in developing countries as well. As for the 
social and economic consequences of biotechnology, some are concerned that large-
scale and higher-income farmers will be favored because they will have earlier access 
to and derive greater benefits from agricultural biotechnology. These concerns are 
remarkably similar to those raised about the Green Revolution. Whatever the 
shortcomings, real or alleged, of the Green Revolution, it did avert widespread 
starvation and helped many millions of people to escape hunger once and for all. With 
more pro-poor institutions and policies, many more poor people could benefit. 
Similarly, agricultural biotechnology can contribute to feeding many more people in a 
sustainable way. The new technologies, through appropriate policies, can be made 
accessible to small-scale farmers. Instead of rejecting the solutions offered by science, 
we should change policies to assure that the solutions benefit the poor. The global 
community must keep its sights set on the goal of assuring food security for all. 
Condemning biotechnology for its potential risks without considering the alternative 
risks of prolonging the human misery caused by hunger, malnutrition, and child death 
is unwise and unethical. In a world where the consequence of inaction is death of 
thousands of children, we cannot afford to be philosophical and elitist about any part 
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of a possible solution, including agricultural biotechnology. Modern science by itself 
will not assure food for all, but without it the goal of food security for all cannot be 
achieved. 
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Chapter - 1 1 
Summary and 
Recommendations 
Chapter 11 
11.1 Conclusion 
The problem of food security has been defined by different economist in 
different forms, but the most acceptable definition is given by Food and Agriculture 
Organization of the United Nations in 2001 as "Food security is a situation that exists 
when all people, at all times, have physical, social and economic access to sufficient, 
safe and nutritious food that meets their dietary needs and food preferences for an 
active and healthy life". (FAO, 2001). Earlier the concept of food security was 
confined only at the national and global food supplies. A country was considered as 
food secure if it has sufficient food grain at the national level. In the 1980s the 
concept of food security was further elaborated to household food security with an 
emphasis on food access. In the 1990s works on causes of malnutrition demonstrated 
that household food security is a necessary but not sufficient condition for nutritional 
security at individual level and from the 90s emphasis was paid on individual 
nutritional security as a pre condition of food security. 
With somewhat satisfactory levels of national food security influenced by the 
production performance of Indian agriculture during the past decades, attention has 
been shifted from national food security concerns to individual and household food 
security which is influenced by both physical access and economic access. Food 
security of individual members of the household is influenced by intra-household 
allocation of food. 
Different methodologies are used to estimate poverty and undernourishment 
and the figures are not directly comparable. Out of the four standard methods of 
measurement of food security, (Individual Calorie Intake, Household Calorie 
Acquisition, Diet Diversity and Index of Coping Strategy), Individual Calorie Intake 
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methods has been selected as method of measurement of food insecurity , keeping in 
mind availability of secondary data, The result which should be fairly accurate since 
the average level of calorie availability have not changed significantly over the past 
decade, show that as many as 407.27 million people are not meeting their minimum 
daily energy requirements. Out of this, 233.14 (57.2%) are living in rural areas and 
174.13 million (42.8%) are located in urban areas. However, the problem of food 
insecurity in this work is not summarized to only measurement of food security in 
calorie term. Risk of entitlement failure also has been measured for both rural and 
urban areas. To measure risk of entitlement failure on the basis of Engle's Law a 
simple method based on individual per capita expenditure data has been developed 
and expenditure classes have been classified on their respective risk class. The 
findings are striking , while only 26 percent of the population are branded as food 
insecure, their entitlement of food have been fixed with high degree of risk, as in rural 
and urban areas as 88.3 and 47.5 percent of population are to some degree of risk of 
losing their food entitlement. These figures are calculated from the National Sample 
Survey Organization (NSSO) 60"^  round data, (January-June 2004) due to 
unavailability of such statistics in the 61st round data of NSSO. 
The problem of food security can become more pathetic because of the 
deceleration of the Indian agriculture. Today's agriculture sector is facing many new 
challenges including the declining of yield of major food grains, technological 
problems, environmental problem and the low public investment in agriculture sector, 
land degradation and stagnation in net cultivated area. Despite the progress achieved, 
productivity of major food grains in India is far below yield of the other developing 
countries, what we talk about the developed and industrialized countries. Wheat and 
rice output has stagnated since 2000 and pulses for a decade. As a result, the per 
capita availability of cereals and pulses to 422 grams per day, against its highest of 
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510 grams in 1991. In its recent World Bank Report, (2008) points out that India's 
agricultural labor productivity has not kept pace even with Bangladesh, forget China. 
Among all the above reasons, for the deceleration in Indian agriculture, continuous 
decline in public spending in agriculture is one of the important reasons. That is clear 
from the fact, that the growth rate of agriculture public investment was only 0.96 
percent from the period 1995-96 to 2003-04. The National Sample Survey 
Organization recently reported that two-fifth of India's farmers would rather take up 
other means to make a living. The decline in public investment is of particular 
concern because public investment in basic infrastructure and Research and 
Development (R&D) are necessary conditions for private investments. A quick boost 
of public spending in agriculture sector is very important so that the private should 
also go for more and more investment in this sector. 
The present technology of Indian agriculture is showing sign of fatigue and it 
is not going to improve the yield or future growth of the food grain in the coming 
years. So, the only option is to produce more and more output from the present level 
of arable land. Because as the population grow more and more food grain would be 
required to feed the future level of population. The projections indicate that our 
population will be 1.4 billion by 2020.Rising population and per capita income are 
obviously pushing up the food demand, which needs to be met through enhanced 
productivity per unit area, input, time and energy. At the same time, issues of 
decreasing factor productivity and improving resource use efficiency have emerged. 
If we have to compete in terms of cost and quality globally, conservation and 
judicious utilization of prime natural resources particularly water, soil and genetic 
resources will be crucial for competitive growth and sustainability of the system. 
Different projections have been given by different economist for the demand for food 
grain by 2020. All these projections clearly show that India must adopt a modern 
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technology to increase the yield and production level to meet the future demand of 
food grains by 2020. India requires a growth rate of 4.5 percent per annum to increase 
the food production to a required level. It is also difficult to achieve this because of 
different environmental problem like, global warming, soil degradation, soil alkalinity 
etc. It is estimated that global warming may results in the decline of wheat yield and 
other major crops. 
Apart from food grain India also need large amount of feedgrain for its 
livestock population. Livestock revolution is taking place in India and the different 
drivers of this are population growth, increase in per capita income, urbanization and 
change in consumption pattern due to change in living pattern. Due to all these factors 
consumption of non-food grains food especially food of animal origin is increasing in 
both rural and urban areas. India's demand for meat products is forecasted to increase 
almost 10 folds from 3.8 million tons in 1993 to 36.4 million tons in 2020 under the 
baseline scenario. To meet the current and future demand of livestock products, India 
has to increase the yield and productivity of feed grains especially coarse cereals, as 
these are the raw material for animal feed. At present, the country faces a net deficit 
of 61.1 percent of green fodder, 21.9 percent in dry crop residues and 64 percent in 
feeds. By 2020 India would require an addition of 292 million tons of feed grain to 
feed the livestock stock population. If India does not make the demand and supply 
balance, that India will become a net importer of both feed grain and food grain and 
this will further worsen the problem of food insecurity. Because in India about 65 
percent of the total population depends on agriculture for their livelihood and further 
deterioration in agriculture led to increase the number of food insecure people. 
This problem of food security is not a single headed problem but it will lead to 
different other problems and the one important is problem of HIV/AIDS in India. In 
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India the problem of HIV/AIDS is increasing day by day. About 5.1 million people 
are suffering from HIV/AIDS in 2005 with the prevalence rate of 0.9 percent. It is 
well documented proof that food insecurity is one of the important causes of the 
HIV/AIDS epidemic and HIV/AIDS in turns further worsens the problem of food 
insecurity. Due to poor performance of agriculture, peoples are migrating from rural 
to urban areas. Men not living with their spouse are more prone to get infected with 
this disease. In India, the primary cause of the spread of HIV/AIDS was found to be 
sexual contact (85.93 %), followed by Prenatal transmission, that is from mother to 
child (3.62 %), and hence, AIDS is affecting women and children in increasing 
numbers. In India women's status and food availability are important underlying 
causes for this high level of undernourishment. In India women's status as compare to 
men are very bad and also their nutritional position. About 55 percent of the Indian 
women are anemic and when they give birth to new baby the child also suffers from 
different micronutrient deficiencies. All dimensions of food security (availability, 
stability, access and use of food) are affected where the prevalence of HIV/AIDS is 
high. In the hardest hit countries, it is erasing decades of health, economic and social 
progress, reducing life expectancy by years deepening poverty and contributing to an 
exacerbating food shortage. HIV/AIDS have both the micro and macro economic 
impacts on the society and for the overall economic development of the nation. 
11.2 Driving Forces 
The conditions under which food security efforts will take place are constantly 
changing, and without a clear understanding of these changes, national and 
international decision makers have little hope of achieving the 2020 Vision. Eight 
driving forces, in particular, will be critical to their efforts. 
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1. Accelerating Globalization, Including Further Trade Liberalization 
Globalization offers developing countries new opportunities for broad-based 
economic growth and poverty alleviation, but without the right policies and 
institutions at both national and international levels, globalization may either bypass 
or harm many poor people in developing and developed countries alike. If, for 
example, industrialized countries continue to protect and subsidize their domestic 
agriculture and increase their food safety concerns, it may be impossible for 
developing countries to reach industrialized-country markets with their goods. 
Policymakers will need to guide the globalization process so that it benefits poor 
people, improving their food and nutrition situation while preserving their natural 
resources. 
2. Degradation of Natural Resources and Increasing Water Scarcity 
Degradation of natural resources is rampant in many resource-poor areas of 
developing countries, particularly those areas with fragile soils, irregular rainfall, high 
population concentration, and stagnant productivity in agriculture. Natural resource 
degradation is also occurring in agricultural areas exposed to misuse of modern 
farming inputs. While natural resource degradation is often a consequence of poverty, 
it also contributes to poverty. This downward spiral is found in many locations where 
low-income people reside. Water scarcity is emerging as the most constraining factor 
for food security in many regions in the future, with an especially negative impact on 
women and children. Food security solutions that fail to effectively address natural 
resource issues will not be sustainable. 
3. Emerging, Re-emerging, and Continuing Health and Nutrition Crises 
Malaria, tuberculosis, micronutrient deficiencies, HIV/AIDS, and chronic 
diseases are all compromising food and nutrition security in many developing 
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countries. Most developing countries are also facing a double burden of malnutrition: 
while still suffering from extensive under nutrition, they are confronting overnutrition 
issues such as diabetes and heart disease, sometimes within the same household. 
These global health crises are impoverishing millions of people, raising the cost of 
health care, and causing severe shortages of productive workers. They not only 
destroy human lives, but also slam the door on opportunities. Achieving a food-secure 
world for all calls for a healthy population. 
4. Rapid Urbanization 
By 2020 about half of the people in the developing world will live in urban 
areas, where they will make heavy demands on the capacity of cities to provide jobs, 
education, health care, and food. Although current policies must continue to focus on 
the countryside, where the majority of poor and food-insecure people still live, future 
policy actions must pay increasing attention to growing poverty, food insecurity, and 
malnutrition in urban areas. 
5. Changing Structure of Farming 
The nature of farming is changing rapidly in many developing countries 
because of the aging of the farm population, the feminization of agriculture, the 
growing labor shortages and depletion of asset bases resulting from the HIV/AIDS 
crisis, and the decreasing cost of capital relative to labor. Small-scale family farms, 
traditionally the backbone of much of developing-country agriculture, are under 
threat, while globalization and domestic investments are encouraging production on a 
larger scale. These rapidly emerging factors call for innovative approaches to 
agricultural policy and rural institutions. 
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6. Continued Conflict 
Violent conflicts continue to cause human misery in many developing 
countries, especially in Sub-Saharan Africa, and their impact on food security, 
nutrition, and natural resource management is severe. Although humanitarian 
assistance can provide food and shelter for the many millions of refugees and 
displaced persons, policymakers must deal with the underlying causes and the effects 
on the people in war-torn and neighboring areas. Achieving sustainable food security 
for all will not be possible in the midst of conflict. 
7. Climate Change 
Many scientists and policymakers believe that climate change is leading to 
more frequent and more severe natural disasters. More research is needed on this 
hypothesis, as it has profound implications for food security. Policies and institutions 
will be needed to counter or compensate for the negative effects of climate change. 
Although agriculture may contribute to or reduce the increasing concentration of 
carbondioxide (C02) in the air, future agricultural policies must focus on finding 
ways to keep agriculture productive as climate change continues. 
8. Changing Roles and ResponsibiHties of Key Actors 
National governments in many developing countries have found themselves 
playing a new and diminished role in the past couple of decades. Now local 
governments, business and industry, nongovernmental organizations (NGOs), and 
other parts of civil society are undertaking many activities previously performed by 
national governments. At the global level, transnational corporations and broad NGO 
coalitions are becoming increasingly prominent in policy debates. A new emphasis on 
exposing corruption where it occurs is likely to contribute to the ongoing changes in 
the roles and responsibilities of the various actors. National governments must not 
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risk losing their capacity to perform the functions that only they can do, such as 
ensuring the rule of law and developing nationwide infrastructure. 
11.3 Getting the Priorities Right 
Rapid economic growth will be fundamental for achieving sustainable food 
security for all by 2020. The challenge is to achieve that growth in a way that benefits 
poor people that is, pro-poor economic growth. This kind of growth, together with 
empowerment of poor people and effective provision of public goods, will be the 
foundation of any successful attempt to achieve the 2020 Vision. The seven priority 
areas are not listed in terms of their relative importance but rather beginning with 
those that operate at the individual and household levels and moving to those that 
operate at societywide and international levels. The 2020 Vision will not be achieved 
by action in one or the other of these areas alone. The causes of food insecurity, 
malnutrition, and unsustainable natural resource management are complex, and 
comprehensive solutions must address all seven priority areas. Without investment in 
human resources, low-income, sick, and malnourished people will remain poor and 
their children will have little opportunity for better lives. 
11.3.1 Investing in Human Resources 
Investment in human resources is essential to reduce human misery. But it is also 
an important means to other ends, such as broad-based economic growth and 
sustainable food security. Healthy, well-nourished, literate citizens are an important 
precondition for successful pro-poor economic growth. 
A. Improving Access to Health Care 
Governments and international agencies must address health risks that 
compromise food and nutrition security as a key part of any comprehensive effort to 
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achieve food security and poverty reduction. Given the devastating impact of 
HIV/AIDS on people directly or through agriculture, nutrition, and food security, 
efforts to contain the pandemic must intensify. As the disease depletes agricultural 
labor, farmers need new cultivation technologies and varieties that require less labor 
yet produce drought resistant and nutritious crops. Also pressing is the need to care 
for the hundreds of thousands of children who have lost both parents to AIDS. Better 
nutrition can help postpone HIV/AIDS-related illnesses and prolong life. Achieving 
reproductive and sexual health requires access to information, education, family 
planning services including contraceptives, prenatal care, and prevention of sexually 
transmitted diseases such as HIV/AIDS. These services must be consistent with 
individual values, consciences, and ability to use services. The care of adolescent 
girls and pregnant women is crucial for protecting their own health and that of their 
future children. Given the importance of good maternal nutrition in achieving normal 
birth weights and good child health and nutrition, nutrition interventions should take a 
life-cycle approach. 
B. Assuring Clean Water, Safe Sanitation, and Child Care 
Access to clean water and safe sanitation is critical for both good health and 
good nutrition. Rapid urbanization in developing countries presents new challenges to 
governments to assure clean and safe environments, particularly in low-income 
communities. Caring practices, such as exclusive breastfeeding during the first six 
months of life, also are important to assure that children are well nourished. Good 
care practices can mitigate the negative effects of low maternal education and poverty 
on child growth. Policies should support female education, including education that 
promotes good nutrition, use of preventive health care facilities, and other caring 
practices. Low-cost, community-based child care facilities for preschool children of 
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working mothers are also important. Child care can also be based in workplaces, 
although this is less common in the urban areas of most developing countries. 
C. Fighting "Hidden Hunger" 
Despite the huge numbers of affected people and the severe impact of 
micronutrient malnutrition ("hidden hunger"), inexpensive public health interventions 
could significantly reduce these problems. Fortifying foods and offering supplements 
with needed micronutrients may be cost-effective approaches. Promoting healthy and 
diverse diets through nutrition education programs has great promise for improving 
people's consumption of minerals and vitamins. Development of iron and vitamin A 
rich staple crops through both conventional plant breeding and biotechnology is 
another potentially effective approach and may be more sustainable than 
supplementation or fortification. All of these strategies should be viewed not as 
either/or choices, but as complementary. 
D. Ensuring Food Safety 
Contaminated food and water are sources of much illness and death in 
developing countries. Policies and institutions are needed to improve sanitary 
conditions, storage, transport, processing, and conservation of food and to reduce 
other sources of food and water borne illnesses. 
E. Educating Girls and Boys 
Today's global economy increasingly places a premium on knowledge-based 
skills. Poor people have greater opportunities to earn income, advocate supportive 
policies, and increase their social capital when they achieve literacy and numeracy. 
Like good health, education has a tremendous and lasting impact on economic growth 
and on the material well-being of individuals. Educating girls, especially, has 
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beneficial effects on family size, spacing of births, child care practices, child nutrition, 
and household income. Improvements in educating girls and women during the past 
30 years accounted for a greater share of gains in child nutrition in developing 
countries than any other factor. 
11.3.2 Improving Access to Productive Resources and Remunerative 
Employment 
A. Promoting Broad-Based Agricultural and Rural Development 
Pro-poor economic growth and sustainable food security require that poor 
people have access to productive resources and employment. As 75 percent of poor 
people in developing countries live in rural areas, productivity gains in agriculture, 
which will boost rural incomes on and off the farm, are critical. Considerable 
evidence shows that increases in farm income in developing countries promote strong 
income increases in the rest of the economy. To the extent that agricultural 
productivity gains lead to lower food prices, they will benefit poor farm and non farm 
consumers. Increasing productivity in agriculture can also slow the pace of rural-to-
urban migration. In addition, agricultural growth helps meet rising food demand. A 
healthy agricultural economy offers farmers incentives for conserving the natural 
resource base upon which future agricultural production depends, and productivity 
gains on existing land make farmers less likely to clear wild, marginal, or forest land. 
Many rural poor people lack access to land. Poor families need secure access to land 
through individual or community ownership, long-term user rights, functioning rental 
markets, or some other means. Increasing the strength of women's property rights, in 
particular, can contribute to both their productivity and their well-being. Poor farmers 
also need access to yield-increasing crop varieties, including drought and salt tolerant 
and pest resistant varieties, improved livestock, appropriate tools, fertilizer, pest 
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management, and other yield increasing and environment friendly technology. At the 
same time, policies should draw on and facilitate the resilience demonstrated by poor 
rural communities in the face of food insecurity. Sound policies and institutions can 
help scale up these coping and adaptation strategies. Innovations such as farmer field 
schools can help people transfer relevant knowledge and technology both within and 
between communhies, particularly in areas badly hit by HIV/AIDS. Making 
institutions, including agricultural research centers, more client-focused can help 
natural resource management remain effective in the presence of weakened social 
capital and property rights due to the disease. Policies and institutions that facilitate 
small farmers' opportunities to produce higher-value cash and export crops can help 
increase the incomes of poor rural households, and therefore food security. The choice 
between producing staple food crops and cash crops is frequently posed in either/or 
terms. Yet households often experience greater food security when farmers can 
produce both: that is, not only staples for their families' own consumption, but also 
products that they can sell to generate income. 
B. Fostering Secure Urban Livelihoods 
Policy action is also needed to accommodate the rapidly increasing poor and 
malnourished urban population. Since most urban dwellers secure their food through 
purchases rather than production, policies must enhance access to income-earning 
opportunities. Policies are also needed to support environmentally sound urban and 
peri urban agriculture, which can supplement incomes as well as improve diets among 
urban poor people. Policies should support rather than stifle the informal economy 
that is often critical to poor urban families' livelihoods. Access to credit for small-
scale entrepreneurs, through group lending and other schemes, might be needed. 
Urban workers should have access to formal education and training that can enhance 
288 
their job skills. Policies should also address the discriminatory behavior of labor 
markets by gender, ethnicity, caste, and age. As in rural areas, programs and strategies 
must be participatory, putting intended beneficiaries in decision making roles. 
C. Promoting Civil Society Organizations 
Another key to sustainable poverty reduction and food security is freedom of 
association and the right to form organizations that advance poor people's interests. In 
both rural and urban areas, policies, programs, and projects must engage low-income 
people as active participants, not passive recipients. Poor people's organizations can 
help assure responsive policies and access to resources. 
D. Empowering Women 
Women play important roles as producers of food, managers of natural 
resources, income earners, and caretakers of household food and nutrition security. 
Research shows that giving women the same access to physical and human resources 
as men increases agricultural productivity dramatically. In urban areas, women are 
overrepresented in less-secure and irregular jobs and frequently get paid less than men 
who work in the same or comparable jobs. Compared with men, women tend to 
devote a greater share of the resources they receive to household food security and the 
nutrition of their children. In many countries increasing the assets that women control 
also has a positive impact on the next generation, particularly on their education and 
health. Widespread evidence demonstrates that assets in the hands of women increase 
the share that households spend on education. Gender equality is important for food 
security. Women need access to resources, including productive assets, education, 
extension services and information, organizations and social networks, credit, legal 
rights, and voice in the political system. 
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E. Supporting Sound National and International Trade and Macroeconomic 
Policies 
Unless governments are committed to long-term macroeconomic stability, 
reforms in agriculture are unlikely to be effective. Overvalued exchange rates and 
protection for industry, for instance, can do more to reduce farmers' incentives to 
increase production than lower agricultural prices. Stable and predictable 
macroeconomic policies encourage savings and investment, discourage capital flight, 
focus private-sector effort on efficiency rather than on anticipation and reaction to 
macroeconomic shocks, and provide clear signals to consumers and producers about 
the scarcity of goods and services. 
F. Making Globalization Work for Poor People 
Developing countries must be encouraged to participate effectively in the 
current round of global agricultural trade negotiations. They should pursue strategies 
that will enhance their bargaining power in trade negotiations, so that they can 
persuade developed countries to eliminate high levels of trade-distorting subsidies for 
domestic production, import barriers, tariff escalation against highvalue and processed 
products, export subsidies, taxes, and controls on a greatly accelerated basis. The 
World Trade Organization (WTO) should work closely with civil society and national 
governments to eliminate conditions that harm poor people, such as price distortions 
and lack of competition in international trade, intellectual property rights regimes that 
are adverse to poor people, and barriers to access to appropriate technology by 
developing countries. Yet without appropriate domestic economic and agricultural 
policies, developing countries in general and poor people in particular will not fully 
capture potential benefits from trade liberalization. The distribution of benefits will be 
determined largely by the distribution of productive assets. Poor people can only hope 
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to benefit fi-om globalization if they have access to resources, infrastructure, and 
markets. 
11.4 Agriculture & Food Biotechnology 
Thus, state of Indian agricuUure warrants finding new sources of sustainable 
production growth. This means that future agricultural strategies must address both 
issues of sustainability and food security concurrently. This will require access to and 
ability to apply technological advances. Modern biotechnology can intensify 
agricultural productivity in such a way that it further reduces poverty, improves food 
and nutrition security, and promote sustainable use of natural resources. While most of 
scientists and policy-makers identify that biotechnology is not solution for all food 
production problems in India, yet it is the most powerful option to address this 
problem. Farmers here too appreciate the potential and importance of biotechnology. 
They no longer feel like waiting, as is evident in Gujarat and other states in the BT 
cotton case. 
Thus, we need to explore every possible avenue to help increase food 
production. Indian farmers will readily embrace any technology as long as it is 
affordable and profitable. Advances in agricultural biotechnology have created 
opportunities for efficient crop improvement. However, this process necessitates 
caution to prevent unforeseen problems associated with it. Biosafety issues need to be 
dealt with carefully. Comprehensive testing followed by open discussion could help 
create public confidence. It would be criminally irresponsible and morally 
reprehensible to throw away any valuable tool using archaic philasophophical 
arguments and claiming hypothetical risks. New technology has always been resisted 
by no-changers down to the age. It is because few visionaries saw its potential and 
pressed ahead, that we enjoy the benefits of technology today. We would be better 
291 
served if these problems are tackled using technology available to us, rather than let 
them be side-tracked because of fears of new technology. 
However, Indian policies towards most of issues related to biotechnology are 
far from being promotional. While it is promotional towards public research, it can be 
classified as preventive in case of Intellectual Property Rights and trade, precautionary 
towards biosafety and permissive in case of food safety and consumer choice. In other 
words there are restrictions to the growth of biotechnology in India. The existing 
regulatory mechanism and lack of incentives on the application of biotechnology in 
agriculture and environment pollution control hamper the growth of biotechnology. 
For example BT cotton has been accepted as a genetically modified crop in most part 
of the world. We are all aware of the very poor yields of cotton here. The controversy 
surrounding BT cotton in Gujarat stems from the fact that we have been so slow in 
approving BT cotton. So, some unscrupulous people tried to take the superstitious 
route. China has almost entirely changed to BT cotton. When we have enough 
information about the safety of BT cotton, there is no need to have such lengthy trials. 
Investment in agricultural related biotechnology has resulted in significantly enhanced 
R&D capability and institutional building over the years. However, progress has been 
rather slow in converting the research leads into usable products. Uncertainties 
regarding IPR management and regulatory requirements, poor understanding of risk 
assessment and lack of effective management and commercialization strategies have 
been significant impediments. India owns very few genes of applied value. The 
majority of the genes under use, about 40 are currently held by MNCs and have been 
received under material transfer agreements for R&D purpose without clarity on the 
potential for commercialization. 
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The violent objections to agricultural biotechnology in Europe can, therefore, 
not be used as basis for objection to this technology in India. It is important to note 
that European countries are not only self sufficient in food but have a surplus and can 
therefore, spend time to deliberate. They are pressing for labeling requirements that 
will help them avoid these products. It is their choice. But in some cases, they also 
want to make choices for others and working to turn back the technological clock 
altogether, never mind what benefits genetic modification of crops may offer to poor 
farmers and consumers in developing countries. 
Although, the first generation transgenic based on simple changes that add a 
single gene, are successful, they are the models of agricultural biotechnology. In the 
future, genetically modified plants promise entirely new products-those with an 
improved protein or iron content, a high value addition. It is, therefore, necessary to 
adopt this new technology, now to reap the benefits in the future. 
11.5 Developing Appropriate Biotechnology Policies for India 
India can reap benefits of agricultural biotechnology if required policy actions 
on a number of fronts implemented. These embody policies to guide research for the 
benefit of the poor, administering intellectual property rights, and policies to address 
bio-safety, funding, and result delivery issues. Therefore, there is need for win-win-
win scenarios for all actors, and for creative efforts and enabling mechanism to benefit 
from gene revolution. For sake of today's poor, marginalized and hungry people and 
for future generations, we must not shirk these important challenges; relevant 
information on these issues must be made available to the public. If these steps are not 
taken, modern biotechnology will bypass the poor; opportunities for reducing poverty, 
food insecurity, and child malnutrition will not become reality; and the productivity 
gap between developing and industrial country agriculture will widen. 
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Priorities ultimately need to be set by aggregating the perspectives of 
economists, policymakers, scientists and the end users. Policies must amplify and 
escort research and technology development to resolve the problems of specific 
importance to the poor. These problems include diets with imperfect levels of energy, 
protein, and micronutrients, and yield losses due to biotic and abiotic factors. Research 
should focus on the crops of particular importance to small tillers of the soil and 
livestock breeders and poor consumers in India. To instruct biotechnological based 
methods into India's agricultural sector certain spheres are needed to be given specific 
mindfulness, they comprise, research, bio-safety, and food safety, intellectual property 
rights, research funding, and delivery of products. 
A taskforce headed by Dr M.S. Swaminathan (2004) under the Ministry of 
Agriculture has prepared a detailed framework on the application of biotechnology in 
agriculture. The report rightly lays emphasis on the judicious use of biotechnologies 
for the economic well being of farm families, food security of the nation, health 
security of the consumer, protection of the environment, and security of national and 
international trade in farm commodities. It is, therefore, prudent to have a Biotech 
Development Strategy that charts an integrated 10-year road map with clear directions 
and destinations. This is the time for investment in frontier technologies such as 
biotechnology. It is envisaged that clearly thought-out strategies will provide direction 
and enable action by various stakeholders to achieve the full potential of this exciting 
field for the social and economic well being of the nation. 
11.6 Measures To Be Adopted 
The need for an integrated biotech policy with concurrent attention to 
education, social mobilization and regulation is considered to be an essential pre-
requisite for an orderly progress of the biotech sector. Synergy between technology 
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and public policy is essential for us to achieve an effective mobilization of the tools of 
new biology for adding both years to life and life to years. It is imperative that India 
leverages resources through partnership and build regional innovation systems. The 
strategy will help develop local talent for a globally competitive workforce. While it 
recognizes private sector as a crucial player, the strategy also visualizes government 
to play a major catalyzing role in promoting biotechnology. The development strategy 
is based on a strong innovation promotion framework in which industry, academia, 
civil society organizations and regulatory authorities will communicate in a seamless 
continuum. The perspective for Indian biotechnology would be global while also 
concentrating on local issues. Consistent with the overall vision outlined by M.S 
Swaminathan taskforce, the priorities in agri-biotech would be based on social, 
economic, ecological, ethical, and gender equity issues. The following guiding 
principles would apply across the sector; 
(1.) A comprehensive and integrated view should be developed of r-DNA and non r-
DNA based applications of biotechnology with other technological components 
required for agriculture as a whole. (2.) Use of conventional biotechnologies (e.g. 
biofertilizers, biopesticides, bioremediation technologies, molecular assisted grading, 
plant tissue culture etc.) should continue to be encouraged and supported. A 
precautionary, yet promotional approach should be adopted in employing transgenic 
R&D activities based on technological feasibility, socio-economic considerations and 
promotion of trade. (3.) Regulatory requirement in compliance with Cartagena 
Protocol, and international treaty and protocol for biosafety, germplasm exchange and 
access and the guiding principles of codex alimentarius should be implemented 
through inter ministerial consultative process. (4.) Transgenic plants should not be 
commercialized in crops where our international trade may be affected. However, 
their use may be allowed for generation of proof of principle, strictly for R&D (5.) In 
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a long term perspective basic research for development of low volume, high value 
secondary and tertiary products through enabling technologies of genomics, 
proteomics, engineering of metabolic pathways, RNAi, host pathogen interaction and 
others should be encouraged. 
In our quest for better products, strong and sustained support should be given 
to encourage indigenous discovery of new genes and promoters in both public and 
privately owned institutions. A gene bank should be created and be accessible to 
private and public sector organizations after payment of an appropriate fee. There is 
an urgent need to promote and improve the levels of horizontal integration between 
public-public and public-private laboratories. Partnership between public-funded 
organizations and industry is crucial in the science-to-product chain. 
An inter-ministerial Agriculture Biotechnology Board involving Ministry of 
Agriculture, ICAR, DBT, MoEF, regulatory authority, expert scientists, industry, and 
the farming community should be established to continuously assess cross cutting 
issues such as: duplication of R&D investments; capacity building; promotion of 
horizontal partnerships between various components in the knowledge-product chain; 
the most cost-effective manner of overcoming nutrition deficiencies (viz. iron, zinc, 
iodine, vitamin A); availability, access, release and efficient system for biosafety 
assessment of GMOs and products thereof; safe use of approved technologies and 
prevention of unauthorized ones; building public trust and understanding 
biotechnological application relating to global warming, climate change and sea level 
rise; global trends in consumer/industry preferences of farm commodities. This will 
also monitor trade and collect market intelligence with respect to GM crops and 
products and follow the trend of organic markets and watch international 
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developments to identify niche markets, monitor countries that are rejecting GM 
foods and feed this intelligence to concerned agencies. 
11.7 Right Priorities 
Priorities for crops and traits should be set after conducting a need assessment 
exercise in various farming zones. However, an indicative list has been suggested by 
MS Swaminathan Task Force (2004). Priority target traits in crop plants would be 
yield increase, pest and disease resistance, abiotic stress tolerance, enhanced quality, 
and shelf life, engineering male sterility and development of apomixis. Crops of 
priority should be rice, wheat, maize, sorghum, pigeon pea, chickpea, moong bean, 
groundnut, mustard, soybean, cotton, sugarcane, potato, tomato, banana, papayas and 
citrus. In priority crops equal emphasis should be given to GM hybrids and new 
varieties. The varieties in contrast to hybrids, are preferred by small farmers as they 
can use their own farm saved seeds for at least three or four years. In case of hybrids, 
research on the introduction of genetic factors for apomixis would be supported so 
that resource-poor farmers can derive benefits from hybrid vigor without having to 
buy expensive seeds every cropping season. 
R&D should be focused on: development of biotechnology tools for 
evaluating food safety, development of rapid diagnostic kits for detection of various 
food borne pathogens; development of analogical methods for detection of genetically 
modified foods and products derived there from; health food supplements/ functional 
foods for holistic health; development of pre-cooked, ready-to-eat, nutritionally 
fortified food for school going children; development of suitable pro-biotics for 
therapeutic purposes and development of bio food additives. It is proposed to set up 
(under the auspices of Department of Biotechnology) an autonomous institute for 
nutritional biology and food biotechnology. Priorities would include screening of elite 
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strains of micros-organisms and / or productions of super-strains, better understanding 
of the dynamics of symbiotic nitrogen fixation, process optimization for fermentor -
based technologies, better quaUty standards, setting up accredited quality control 
laboratories and standardization of GMP guidelines. Integrated nutrient management 
system would be further strengthened. Priority target traits in livestock would be 
enhanced fertility and reproductive performance, improved quality, resistance to 
diseases for reduced drug use, production of therapeutically useful products and 
quality feed. Livestock of priority would be buffalo, cattle, sheep and goat. Emphasis 
would be given to animal healthcare, nutrition, development of transgenic and 
genomics. It is proposed to set up an autonomous institution for animal 
biotechnology. 
11.7.1 Bioresources 
The combined annual global market for the products derived from 
bioresources is roughly between US$ 500 billion and US$ 800 billion. India is one of 
the 12 global mega biodiversity centers harboring approximately 8% of the global 
biodiversity existing in only 2.4% of the land area. The country is also home to two of 
the world's 25 hotspots. The varied cultural diversity across the country as well as a 
very ancient traditional knowledge system associated with the biodiversity represents 
added assets. Nonetheless, much of this biodiversity is in peril owing, in the main, to 
anthropogenic causes. Thus, if the goal of converting our bioresources - animal, plant, 
microbial and marine - into commercially useful products and processes is to be 
realized, we need to not only conserve the biodiversity and but also utilize it in a 
sustainable manner. In this context, absence of a good quantitative information 
network on bioresources combining remote-sensing data and ground surveys is a 
major constraint. The situation is even worse for microorganisms. Field- and marine 
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biologists rarely work with molecular scientists and chemists, pharmacologists or 
other experts, and there is practically no bioprospecting industry. While our 
traditional knowledge base would be the starting for bioprospecting, ethics and equity 
should be our guiding principles in benefit sharing. 
11.7.2 Environment 
Environmental issues concern everyone. Biotechnology has tremendous 
potential for application to a wide variety of environmental issues including 
conservation and characterization of rare or endangered species, a forestation and 
reforestation. It can help in rapid monitoring of environmental pollution, eco-
restoration of degraded sites such as mining spoil dumps, treatment of effluents 
discharged by industries (oil refineries, dyeing and textile units, paper and pulp mills, 
tanneries, pesticide units etc.), treatment of solid waste, and so on. A number of 
technologies have already been generated and demonstrated in the country. The real 
challenge is their adoption by the industry, which has been somewhat uneven. In 
general, corporate groups have not been overly enthusiastic in adopting 
biotechnologies even where they have proven efficacy. The reasons may be several: 
industry is usually not involved at the planning stage of experiment; enforcement of 
environmental laws is not always strict or uniform at the ground level and offenders 
can often escape with impunity; manufacturers frequently change their production 
schedules based on demand profiles resulting in varied streams of effluents, but 
microbial consortia specifically designed to one set of effluents may be ineffective in 
breaking down the changed pollutants. 
The goal of environmental biotechnology would be to provide cost-effective 
and clean alternatives for risk assessment and quality monitoring, eco-restoration of 
degraded habitats, conversion of toxic recalcitrant chemicals into harmless by-
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products, bioremediation of wastes, value-added products from biomass, control of 
biological invasion through biotechnological interventions, greener process 
technologies, and effective ex situ conservation strategies. These can be fulfilled 
through a deeper understanding - and engineering - of the metabolic pathways for 
degradation of toxicants, environmental genomics and proteomics, and other 
molecular techniques. 
11.7.3 Intellectual Property «& Patent Law 
The development of capabilities for the effective management of Intellectual 
Property (IP) is an important element in securing the benefits of public and private 
sector research in biotechnology. In this context, filings of patents both in India and 
aboard are critical to the growth of the Indian biotech Sector. The expenses for filing 
patents especially outside India are prohibitive and a major barrier to effective 
Intellectual Property Management within the country. Whilst expenses incurred with 
respect to filing of patents in India is eligible for weighted deduction, similar benefit 
is not provided for expenses incurred with regard to filing patents outside India. As 
Intellectual Property Right (IPR)* creation is a pre-requisite for exports to the 
regulated markets, it is recommended that expenditure incurred with regard to filing 
patents outside India be also eligible for weighted deduction U/S 35 (2AB). This is 
also imperative in the new WTO-TRIPS regime, which has taken effect on 1st 
January 2005. 
'Royalty Free' Licensing Of Their Core Technologies 
The multinational biotech companies, on their part, should soften their 
position on intellectual property by providing 'royalty free' licensing of their core 
technologies for use by public institutions such as ICAR on non-commercial and 
orphan crops of importance to Indian farmers and consumers such as bajra, thur dal, 
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horsegram and ragi. Further, these companies should consider voluntarily establishing 
a trust fund from the profits generated by genetically improved crops to promote 
biodiversity conservation and public awareness of biotechnology. There is also a need 
to foster research into the social, ethical, economic and environmental impact of 
emerging technologies in agriculture as this will not only help predict any negative 
ramifications of such interventions, but also evolve strategies to deal with them. 
Private companies engaged in seed/agricultural biotechnology have a major 
role to play by keeping up their research efforts as also by disseminating information 
about the research. They do need to be liberal about the royalty issue. The relation 
between research institutes and industry needs to be strengthened for realizing the full 
commercial potential through a clear economic analysis of adopting transgenic crops. 
The role of the media must be one of balanced reporting based on scientific data 
rather than on sensationalism. They should be focusing on publishing technically 
correct information rather than on selling more copies. The mainstream population 
will have to be necessarily involved and duly communicated to without hype or false 
hopes. The scientists who are developing these modified crops and the new 
opportunities that they foster are the fountainhead of evolving knowledge and hold 
primary responsibility for its effective dissemination. Policy-makers, administrators, 
legislators, the judiciary, industry, and farmers, will each have to play an active role in 
safeguarding society's interests through participative decision-making.In this regard, 
the recommendations from the Knowledge based Industries Subject Group of the 
Prime Minister's Advisory Council on Trade and Industry (PMACTI) for setting up of 
a Special Task force with representatives from both knowledge based companies and 
the Government which would act as a think tank for furthering India's interests in the 
knowledge based industries, would go a long way. 
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The other important dimension of the strategy would be to have government 
institutions as a faciUtator of commercial growth of new technologies, as 
biotechnology is resource intensive, very few entrepreneurs would like to take risk 
with new products especially when stakes in the form of intellectual property would 
be quite high. Hence, government would have to support them in meeting the cost of 
the R&D expenditure and also in meeting the high costs of obtaining patents in major 
global markets. There one would have to adopt a very cautious approach as it is often 
reported that in US and UK large losses have been incurred by the biotechnology 
firms on one or the other pretext. Ours being a developing economy and firms being 
small players in the whole scene, the R&D priorities would have to be very clearly 
defined in context of requirements of the Indian economy. 
Strategic Actions 
Administration of the new intellectual property rights regime should be 
improved. This will be achieved by: (1.) Encouraging science graduates to pursue law 
for better understanding of IPR related issues. (2.) Inclusion of IPR related issues in 
curriculum of law colleges for facilitating filing of international patents, license 
negotiation, dispute resolution etc. (3).Training scientists and technology transfer 
professionals in the strategy of intellectual property protection relating to assessment 
of patentability, prior art examination and technology transfer issues. (4).Training 
patent attorneys on science subject(s) and improving mechanisms for IPR 
administration through reforms and creation of patent offices, patent codes and 
ensuring adequate availability of patent attorneys. (5.) Setting up of an arbitration 
council to redress IPR disputes. The setting up of an arbitration council will help in 
improving the perception and increasing International confidence towards IPR 
protection in India. 
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There are three ways to expand biotechnological research for the benefits of 
the poor. First, designate additional pubHc resources to agriculture research, including 
biotechnology research that pledges large social gains. Second, expand private sector 
research for the poor by converting some of the social benefits of research to private 
benefits for the private sector. The public sector can allure the private sector to 
develop technologies for the poor by offering up front to buy the exclusive rights to 
freshly developed technology and make it available either for free or for a nominal 
charge to small farmers. The sum of the offer could be settled on the basis of expected 
social benefits. The third way to expand biotechnology research to assist the poor is to 
harbor intellectual property rights of the private research bureau that develops a 
particular technology. For example seeds with infertile offspring or that contract 
directly with the farmer, in both cases driving the farmer to buy new seeds every 
season. This would make it easier for the private sector to recuperate the returns 
needed to justify the research. 
Public sector funding can be attracted by documenting and publicizing 
research impacts, developing strong and fluent client organization that have political 
influence, building closer relation between biotechnology leaders and policy makers, 
and swelling the funding base to include environment and commerce departments. 
Strategic alliance between public and private sector entities can also expand the 
financial resources for agricultural biotechnology. 
Research in agricultural biotechnology has to be conducted over the long time 
and without interruption. Uncertain financing therefore can severely interrupt the 
research process. Reasons that reported for funding constraints include: 1. 
Implementation of fiscal austerity policies, 2. Lack of understanding of biotechnology 
among decision makers,3.Insufficient research impact, 4.dependency on fund from 
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sole source, particularly government or donors, and 5.Lack of political and financial 
support from agribusiness and from farmers and their organizations. 
11.7.4 Regional and International Programs: India Must Participate and Benefit 
Decision about the generation of products and their deliverance to users must 
be considered at an early stage of a research program. These decisions need particular 
attention in R and D programs involving biotechnology, because product 
dissemination is affected by factors such as the costs of large-scale production, bio-
safety and risk assessment, and public acceptance of the final product. Collaboration 
or joint ventures between the private sector and public institutes or universities is 
fundamental for successful product delivery. In some cases, specialized national or 
international organizations have facilitated technology transfers from public to the 
private sector that have led to the diffusion of new products, 
R&D programs using modern biotechnology are being conducted by the 
International Agricultural Research Centers (lARCs), particularly the International 
Rice Research Institute (IRRI), International Maize and Wheat Improvement Center 
(CIMMYT), International Crops Research Institute for the Semi-Arid Tropics 
(ICRISAT), International Livestock Research Institute (ILRI), The Center for 
International Forestry Research also uses biotechnology in the characterization of 
forest diversity in its Asian program. The International Center for Living Aquatic 
Resources Management is using new technologies in the improvement of fisheries 
and aquaculture systems. ILRI is initiating a program on Asian livestock 
improvement. The CGIAR centers invest substantial amount every year in modern 
biotechnology. And International Service for National Agricultural Research 
(ISNAR) plays important role. The ISNAR Biotechnology Service (IBS), with 
Japanese support, has been assisting selected Asian countries in developing human 
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resources for managing biotechnology research programs or institutions. IBS has 
developed specialized courses to enhance the capacity and competency of managers, 
focusing on strategy building, priority setting, managing biosafety and regulatory 
aspects, resource generation and deployment, product delivery, and information 
sharing as well as the establishment and management of linkages. India can benefit 
from these programs also. 
International Service for the Acquisition of Agri-biotech Applications 
The International Service for the Acquisition of Agri-biotech Applications 
(ISAAA) is brokering public-private sector partnerships to facilitate technology 
transfer. It has current regional projects to increase the productivity of maize, papaya, 
and sweet potato. ISAAA is also establishing a new Asian knowledge center for crop 
biotechnology, based in the Philippines, in partnership with CAB International and 
the Southeast Asian Regional Center for Graduate Study and Research in Agriculture. 
Its purpose is to make available timely and balanced information on the risks and 
benefits of crop biotechnology to interested parties in Asia. In doing so, it aims to 
provide training and study tours highlighting experiences not only in research but also 
with biosafety and intellectual property issues. 
International Funding Agencies to Promote Agricultural Biotechnology 
The major external sources of assistance for agricultural biotechnology in the 
Asia/Pacific region are ADB, Australia, the Rockefeller Foundation, the United 
Nations, the United States Agency for International Development (USAID), and the 
World Bank.ADB has made several strategic and innovative investments in 
agricultural biotechnology over the past decade. These investments have been in the 
form of loans and technical assistance projects. Several governments have requested 
ADB financial support for human resource development, laboratory facilities, and 
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equipment for agricultural biotechnology programs. These programs have been 
integrating new applications of biotechnology into their conventional agricultural 
R&D programs. The applications include the use of new molecular diagnostics for 
pests and diseases and MAS for crop and livestock breeding. Such components are 
being supported under ongoing ADB projects in the Philippines, Sri Lanka, and 
Thailand 
ADB has provided regional technical assistance grants for the development of 
the three regional crop biotechnology networks over the past decade .The networks 
are the Asian Rice Biotechnology Network (ARBN), initiated in 1993, the Asian 
Maize Biotechnology Network (AMBIONET), initiated in 1998 and the recently 
established Asian Semi-Arid Crops Network. These networks have been influential in 
developing capacity to use new techniques in crop breeding for the major cereal crops 
(rice, maize) and the crops important in the semi-arid regions (Sorghum, pigeonpea, 
and groundnut). The networks are managed by three lARCs (IRRI, CIMMYT, and 
ICRISAT). 
The Food and Agriculture Organization (FAO) is giving high priority to 
biotechnology within its Asia/Pacific regional programs (FAO 2000). During 1989-
1993, the United Nations Development Programme financed the establishment of 
biotechnology centers in eight countries (PRC, India, Indonesia, Republic of Korea, 
Malaysia, Pakistan, Philippines, and Thailand) to share rDNA techniques in animal 
improvement, embryo transfer, and disease control. In 1994 the United Nations 
Industrial Development Organization (UNIDO) established an International Center 
for Genetic Engineering and Biotechnology in New Delhi, India, to assist Asian 
countries in the applications of biotechnology to important crops of the region. 5. 
United States Agency for International Development the USAID is supporting 
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applications of biotechnology through bilateral activities in several countries, 
including India, Indonesia, and Pakistan. USAID is also providing specific support for 
biotechnology applications within the programs of lARCs. This includes support for 
research by IRRI on improving the nutritional quality of rice by increasing its vitamin 
A and iron content, and support for research by the Tata Energy Research Institute on 
the development of golden mustard. 
The World Bank has supported the development of infrastructure and human 
resource development for biotechnology in several Asian countries over the past 15 
years. This support has come through loans in the agricultural sector, science and 
technology, and education. There are currently substantial components for 
biotechnology within agricultural technology projects in India, Indonesia, and 
Pakistan. The Inter University Centers for Biotechnology in Indonesia were built with 
a $150 million loan in the 1980s. The Republic of Korea also used World Bank loans 
to develop its infrastructure in biotechnology. The World Bank is also one of the main 
financial supporters of CGIAR centers. The centers invest about 10 percent of their 
total annual budget of $340 million in the applications of biotechnology. 
11.7.5 Ethical and Biosafety Issues 
The Government of India's Department of Biotechnology and other scientific 
agencies has done admirable work to deal with safety issues of genetically improved 
crops by developing a strong, reliable and trustworthy regulatory mechanism. The 
existing biosafety framework now requires that all genetically modified organisms 
must undergo a rigorous review and safety assessment prior to their import, field 
testing or release. The Indian public has a right to be concerned about the possible 
impact of genetically improved crops on the environment and human health. The 
government should also enhance its legal system by instituting penalties for those who 
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do not follow the regulations, strengthen and enforce its anti-trust laws to prevent 
monopolies and impose product-liability laws to force corporate responsibility. 
Scientists and companies involved in genetically improved crop development, 
on their part, have an obligation to be transparent about their affairs and make efforts 
to communicate with farmers and the public about the nature of their products and any 
inherent risks they pose. Multinational' companies have vast resources with a huge 
edge in their knowledge base, and can play a constructive role in India's progress. 
Few Indian companies have such resources or a willingness to invest in long-term 
projects with little hope of immediate revenues, in the face of political and economic 
uncertainty. 
The bioethics committee of UNESCO established in 1993 has evolved 
guidelines for ethical issues associated with the use of modern biotechnology. 
Biosafety guidelines for genetically improved organisms (GIOs) need to be strictly 
followed to prevent harm to human health or the environment. A three-tier 
mechanism of Institutional Biosafety Committees has been instituted in India: the 
Review Committee on Genetic Manipulation, the Genetic Engineering Approval 
Committee, and the state level coordination committees. It is important to give a clear 
explanation of the new biotechnologies to the public to allay their fears. New models 
of cooperation and partnership have to be established to ensure close linkages among 
research scientists, extension workers, industry, the farming community, and 
consumers. Gene transformation is done worldwide with four broad objectives: (a) to 
develop products with new characteristics; (b) to develop pest and disease resistance; 
(c) to improve nutrition value; and (d) to modify fruit ripening to obtain longer shelf 
life. Thus the aims and objectives are laudable and the tools are available. The new 
technology does, however, call for a cautious appropriate biosafety guidelines. 
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Effective national bio-safety and food safety regulation should be in place 
before biotechnology is broached into agriculture system of India. Such regulation 
should be specific to India's situation and resonate pertinent risk factors. The 
ecological risks policymakers need to assess include the spread of traits such as 
herbicide resistance from genetically modified plants to plants (including weeds) that 
are not modified, and build up resistance in insect population. 
The four major elements of effective bio-safety systems are:(l)Written 
guidelines that clearly define the structure of the system, the roles and responsibilities 
of those involved and the review process;(2)the regulatory authorities themselves, who 
should comprise an in-country cadre of well trained individuals, confident about their 
decision making ability, and about support of their institutions;(3)an information 
system that enables the bio-safety evaluation process to be based on up to date and 
relevant scientific information and the concerns of the community;(4)feed back 
mechanisms for incorporating new information and revising the regulatory systems as 
needed. 
Strategic Actions 
For the diffusion of biotechnologies to be successful the following measures 
should be put in place: (1.) Ensuring effective and closer horizontal linkages between 
research workers and the user corporate groups (2.) Public-private partnership in 
research and application of clean technologies (3.) Strict enforcement of the 'polluter 
pays' principle. This would require interaction with law enforcement agencies (4.) 
Capacity building and training, through workshops, of law enforcement officials, 
municipal workers, state government functionaries and corporate groups on role and 
relevance of biotechnology in waste treatment (5.) Steps to encourage small and 
medium business companies in producing eco-friendly products, microbial consortia 
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etc. for wider usage (6.) Building greater awareness for protection of proprietary 
rights of microbial consortia through appropriate methods (e.g., process patent, trade 
mark etc.) (7.) Greater inter-agency coordination between DBT, MoEF, ICAR, CSIR, 
CPCB, user agencies and industry through an inter-ministerial Task Force. 
11.7.6. Human Resource Development 
The Indian Government has made substantial investments in biotechnology 
research. Bringing Indian biotechnology products to market will require the 
involvement of large and small entrepreneurs and business houses. This will require 
substantial investments from Indian and overseas investors. The worldwide trend is 
that large companies are becoming major players in development of biotechnology 
products, and also in supporting product-related biotechnology research. Certainly the 
21st century could witness a major increase in new byproducts generated through 
modern biology. To achieve the goal of self-reliance in this field, India will require a 
strong educational and scientific base; clear public understanding of the value of new 
biotechnologies, and involvement of society in many of these biological ventures. 
India has a large research and educational infrastructure comprising 29 agriculture 
universities, 204 central and state universities, and more than 500 national 
laboratories and research institutions. It should therefore be possible to develop 
capabilities and programs so that these institutions act as regional hubs for the 
farming community, where they can get direct feedback about new technological 
interventions. It will be equally important to establish strong partnerships and linkages 
with industry, from the time a research lead has emerged until the packaging of the 
technology and commercialization are achieved. 
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